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1. INTRODUGTION

The history of demolitions and active sabotage work is in large
part made up of instances in which explosives, incendiaries and other media
have been initiated to produce damage at a fixed, predetermined time delay
after setting. The reasons for use of a delay period are twofold; first, to
insure the safety of persennel setting the charges and, second (and perhaps
more important in sabotage work), to wreck havooc at a time when its grees
effects would be at a maximum,.

Historical methods by which delayed initiation has been prodused
have been many, each reflecting the limitations imposed by the timing elements
available during the era of their use. The advent of accurate meshanical
watch movements, however, did much to opsn up new fields of possibility in
this work. By their use, the tactical employment of accurately and reliably
timed events was greatly expanded, since the former limitations of short delay
periods, questionable accuracy and extreme environmental sensitivity were in
large part relaxed.

Introduotion of the mechanical clockwork delay meshanism, however,
brought with it the inhereat problems of reliability, cost and, more recently,
storage 1ife. It is with the redesign of a 2~hour elockwork delay mechanism,
based on the World War II, U. 3. Navy Mark III device, and the solution of
these inherent problems that this report is concerned.
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Under the authority and funds provided by Work Orders QK-15-529,
&-15-529.1 and QK-15-529.2, redevelopment of the World War II Closkwerk
Delay Device, (U. S. Navy Piring Device, Mark III), and pilot produstion
of 1,000 Clockwork Delay Mechanisms, 24~-hour, were undertaken by
Arthur D. Little, Ine. on April 23, 1951. The developmental work by ADL
was accompanied by both model and production work by two subgontractors;
Thomaston Special Tool Company of Thomaston, Connecticut, prodused the devises
minus the cleckworks, and Mew Haven Clock and Watch Company of New Haven,
Cormecticut prodused the slockwork movements and their aseessories.

During the program, problems of variow different sortes arose.
Thoss regarding general design and performance oriteria were resolved with
the assistance of consultants who were experienced in the World War II effort
slong similar lines. Problems of tooling and produstion standards were
resolved directly with the major subcontrastors mentioned above. The persoanel
involved in the project, and the identity of their various organisations, are
summarised in Appendix C.

An initial pilet lot of approximately one hundred devices was pro-
duced early in 1954. These devices were subjected to various test programs
designed to determine their ease, reliability and accuracy of operation under
varying combinations of temperaturs, humidity, pressure and tims. The major
questions of reliability and accuracy were considered not only from the field
operations viewpoint; much attention was given also to the contributions of
manufacturing and storage conditiening and their effect on the end performanse
of the device. BEach of these questions is discussed in more detail in the
following sections of this report.

SECRET
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As a result of the program, Specifications and Drawings were
developed, reflecting all recommended changes to bring thc original U.S. Navy
Firing Device, Mark III, up to date as a more reliable and ascurate 2l~hour
delay mechanism. Under these Specifications and Drawings, a total of 1,072
devices were produced; 79 of thess were designated as training devices not
to be used for actual operations, and the remaining 993 were first-line
operational units. These Specifications and Drawings are to be found in
Appendiees A and B of this report.

Although thé redeveloped 2-hour clockwork delay mechanism is
significantly better than its World War II predecessor as regards sass,
reliability and accuracy of operation, it is subjeot to several severe
restrictions which, in our opinion, should preclude its further manufascture
in large quantities. In brief, the reasons for this belief are as follows:

1. This leaves a large

long-time delay range which is uncovered exsept by the
limited supply of J~Feder delay mechanisms and the
nominal delay devices such as the time peneil, AC delay,
eto.

Recommendationt Any further efforts in the mechanical,
oclookwork delay field should be made toward a device
capable of at least one week and preferably on the
order of one month maximum delay.

2.

1ine; Contrary to the World War II situation whieh did

not stress minimum clearance dimensions for many items meny
present devices, to which the ocloskwork delay is applicadle,

SECRET
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require smaller initiating mechanisms. A case in point
is the Initiator; the Closkwork, because of its
assymetric design, extends approximately one inech beyond
the initiator tube diameter.

BRecomnendation: Future clockwork delay mechanisms be
designed symmetrically about the firing pin axis.

3. W&w The restangular case is
considerably more diffisult to seal than is one of ciroular
cross-section. The latter section is very inexpensively
and effectively sealed by means of O-rings. The eircular
section is less expensive to machine and given dimensional
tolerances are more sasily achieved in rotating tools used
to handle such shapes.

Regomuendation: Future olockwork delay mechanisms be
designed for oylindrical cases, in conjunstion with (2)
above,

ke The present design cannot be wound or set under water;

These first

two design features should be eliminated in order to
insure a more versatile device; the last, to preclude
tempering or disarming after it is once set.
Recommendation: The case, safety and starter design of
future delay mechanisms should include these features.

SEGHET
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III. CONTRACTUAL HISTORY

During the period from April 23, 1951 through June 30, 1955,
covering the redevelopment and pilot produstion of the 2U~Hour Closkwerk
Delay Device, the following Work Orders were issued to Arthwr D. Little, Ine.:

Mork Opder and Date Amount Eurpose
% 23, 1951 $ 500,00 Initial investigstioa
Subtotal $ 500.00
Eonnbcr 3, 1951 3,000.00 Clockwork development
snd consultants
February 26, 1952 3,000.00
Subtotal 6,000. 00
THELS
Ap . 1952 69 ,443.00 Produstion of 1,000
mechanisme
May 19, 1952 8,000.00 Production of 1,000
wateh movements
May 7, 1954 —21,200.00 Continued testing of
, pilet lot, inspection
otipmduction lot, and
unit paockaging.
Subtotal $98,643.00
#Total Expended $105,143.00

"*These figures do not represent audited or assounting costs eeeeoo?
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. PR LOCK
A GENERAL HISTORY

One of the oldest problems of Division 19 of O3SRD was the develop-
zent of a cloekwork delay. Nush work was dene at the University of Chicage
by Dr. N. S. Kharassh, but did not result in a suitable devise. In January,
1943, when first contact was made with the Leeds & Northrup Compamy, all
previcus work on time delays of all types was discloseds This ineluded the
Chicago work.

Because it was known that the Engineer Board at Port Belvoir,
Virginia, had three different clock manufacturers under contract ® develop
clockwork delays, no partiocular impetus was given to L & N as a contractoy
until late in February, when 083, 30E, and Division 19 representatives
gathered in Philadelphia and presented to Mr. B. J. Wilson of L & N samples
of the various devices then available. At the same time requirements were
framed for the development of a delay suitable for use with the Limpet. Im
addition, mechanical firing was specified, and it was hoped that this eould
be eentrically designed. Contact was made also at this time with
Mr. R. H. Whitehead of the New Haven Clock and Wateh Company, and during Mareh
his interest and cooperation in the problem were secured.

At a large meeting in April, 1943, attended by the Honorable
Morris Lubbeck, Deputy Head of ISRB, and Wing Commander T. R. Bird, definite
requirements were framed for a clockwork devise. These included the speci~
fication that it should be insensitive tc temperature changs, vibration,
magnetic field, shock, and immersion. In addition, it was pointed out that
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it should be based on a cheap watsh movement to allow large production. In
this meeting Mr. Wilson showed for the first time a prototype of the mechanical
system he proposed to use in conjunotion with a watch movement. This differed
materislly from the early Khrasch design utilising an Elgin wateh. The
central firing feature was not preserved and sesmed to be a small saorifice
for convenience and speed.

By Jwme, 1943, Mr. Wilson had constructed in his shop the first
12~hour model, based on a New Haven movement, which was capable of a S5-minute
setting ascuracy by retention of the minute hand. 7This model underwent tests
during the following weeks and later appeared so favorable that the Division
decided upon a semi-production. At their request the Engineering and
Transition Office proposed as contractor the Houstonm Company (SAC-27). The
negotiations with Houston dragged, however, and eventually 0SS felt itself
in a position to begin its own procurement. Leeds & Northrup thereupen con-
tacted the Autcmatic Temperature Control Company, located near them in
Philadelphia. New specifications were prepared, and an 038 contract for
500 models was forthcooming.

Neanwhile, the British at Stations II and III had continued the
development of a central firing wnit based on the Eureka Clock, then used in
British airecraft. This device was very cumberscme, large, and sensitive
to shosk. Itdid not survice the extended test progra=, and eventually SOE
accepted the lLeeds & Northrup device as a store,

At slmost the same time that 0SS began its contract, the DOLO
Committes became aware of the development and brought it to the attention of

the Navy for use of the Underwater Obstacles Group. Its acceptance by the Navy

SECRET
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was immediate and startling; six thousand units were requested for delivery
in two months. 053 and the Navy thereupcn came to an understanding, by
which the MNavy took over the procurement contract and agreed to supply 053
and SOE with their much smaller requirements. The Bureau of Ordnance made a
few minor changes in the Leeds & Northrup design, only one of which later
turned out to be serious. This was the modification of the stiff dial which
replaced the hour hand by a thin disc. This modification was later abandoned
and the original design readopted (designated Firing Devise, Mark III).

From November, 1943 to December, 1944, the Leeds & Northrup Company
acted as consultants to the Automatic Temperature Cocntrol contrast. This
function was of the greatest value and convenience. In April, 1944, Nr.

B. J. Wilson was so disturbed by the lack of Navy inspection and so fearful

that serious trouble might thersfore arise, that a meeting was held in

Philadelphia NMaval Inspection Board with the interested parties in attendande.

The Navy accepted all the Leeds & Northrup suggestions for correstion, and

in addition re-inspected all the units which had been made. This confirmed

Mr. Wilson's statements and the entire production, numbering several thousand

units whieh had been made up to that time, was returned to the manufacturer for
reconditioning. KRL tested the 1l2-hour delay also with, on the whole, more
favorable results (NRL Report No. 80 of May 4, 1944, and No. 80A of August 2, 194k ).

Meanwhile, Mr. Wilson had also been working on the development of a
2l~hour model whiech he completed in June, when ten models were received by
the Division and distributed to the interested Services. The 2i~hour medel
was identical with the 12-hour model in all respects except for the gearing of
the New Haven movement. Appraisal by 033 and the Navy resulted in a small

procurement on their part.
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In July, 1945 the existence of very small 8-day movements used in
Naval aircraft came to the attention of the Division, and it was thought
that these might be small enough to fit the case of the l-hour and 2U~howr
delays. Mr. Wilson proeeeded during the following months to show that this
was pos:ible, and in August, 1945, two models were received. These aroused
the interest of the Engineers and 033, but since their arrival ocoineided with
V-J Day, no produstion took place.

NRL, throughout the program, was always of assistance in testing
the different models. Their results obtained with the 2U~hour produsticn
confirmed their sarlier ones obtained with the 12-hour (NEL Report No. 193
of April 9, 1945 and No. 211 of May 30, 1945). Their conclusion was that
both devices were "water-tight, rugged, not impaired by either a magnetis
field or severe vibration, and capable of operating satisfasterily under all
probable climatis conditions”™.

The 12-hour model was prodused in large numbers (20,500) and of
the 2h~hour device, 1,500 were manufactured. The 0S3 and SOE use for either
types was not limited to Limpets. Wherever an exact timing of an explosisn
was required this special time delay was available. In contrast to the
Pencil, it wvas never intended as a general issus item but was reserved for
special operations. The principal Navy use was in conneotion with the
detonation of underwater explosive charges plased by the Underwater Demolition
Groups which trained at Fort Pierce, Florida, and later performed sush
spectacular services in the Southwest Pacifie.
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Among the construction and operational features originally required
were the following points, all of which were successfully overcome in all
three models:

1. Accuracy of 15 minutes in the l2-hour delay,

30 minutes in the 2i~hour delay, and 15 minutes
in the 6-day delay.

2. Cheapness and robustness.

3. Ready setting and adjustment in the field.

4. Convenient pocket size.

5. BResistance to temperature change and deep immersion.

6. Safety and starting mesns opersble under water.

7. Magnetic protsction,

In general, the Mark III delay and its companion models consisted
of an aluminum case case 2-9/16x2-3/8x1-5/16 in. with a transparent plastie
window beneath which the dial and setting hands were visible. Two knurled
thumb screws projested from the case; the one on the back operated the
safety, and the one on the side started the device. Magnetic protection
was provided by an iron back plate which carried two plugs, providing access
for winding of the movement and setting of the delay. All joints were
squipped with gaskets or stuffing bexes to insure waterproofness. The
particular, cheap pocket-watch type movement used was a back-wound and back-
set type made by the New Haven Clock and Watch Company. It required only
slight modification for immediate insertion in the Mark IIX case. The hour
hand was replaced by a cupped dise having a narrow slot in the circumference
and the internal friction drive was modified to increase its reliability of
drive and minor changes were made in other elements. The minute hand was
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retained to securs precision of setting, a feature missing in most mechanisms
of the type available at that time.

When the starting knob was turned to running position, the movement
balance wheel was automatically given a kick to insure its starting, and the
tripping lever moved dowmnward to make contact with the hour disc. As time
passes, the hour disc moved under this lever until the previcusly-mentioned
slot coincided with a pin in the end of the lever. Hh;n this occcurred the
lever dropped toward the center of the hour disec and, by a series of levers
and latches, a firing pin, restrained against a 15-1lb. spring, was released
to accomplish the detonation meschanically. This pin was located in the side
of the aluminum case so that the unit is asymmetric. A safety was provided
by means of a removable member interposed betwesn the striker and the detonating
train. Should premature release ocour, the striker was caught by the safety.
In the field operation, the meshanism would be started and the safety them
removed in ascordance with custom.

The 2i~hour delay was identical with the l2-hour except for the sub~
stitution of a disc which makes a complete revolution in 24 hours instead of
in 12. MNaturally, a scale having 24 divisions, instead of 12, was also pro-
vided. The multi-day device, which in practice was found to be reliable up
to 6 days, had two concentrically mounted discs, the outer one rotating once
in the maximum delay period of 6 days and the inner one rotating onee in 12
hours. A minute hand was retained, together with the usual hour and minute
dial, so that the setting was as accurate as with the l2-hour delay. The
tripping lever was held by the outer disc until the slot in it permitted it
to fall through. It then rested on the imner disc wuntil the proper hour and
minute arrived, when the slot in the second disc allowed the lever to continue

its travel, trip the lateh, and release the linkage and striker.
SECRET
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The Pinal Report, containing detailed data on World War II,
clookwork developments is covered in Jivision 19, Serial No. 31, 3ection 2,
of July 15, 1945, submitted September 7, 1945.
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The Clockwork Delay Mechanism, 2i~Hour, is a precision-type firing
device which may be set for delay periods varying from 5 minutes to 23 hours
45 minutes. As implied by its name, the device is driven by a wateh mechanism.

The physical size of the device, without accessories, is app:o:imately
2-9/16" x 2-3/8% x 1-5/16"; the unit weighs approximately 1.18 1bs. (537 gms.).
This relatively high unit weight is caused by the die-cast ginc case in whieh
the watoh movement, dials and firing linkage are housed. Figure 1 shows the
face of the devise. In its physical aspects the redeveloped device ls gener-
ally similar to its World War II predecessor, deseribed in Section III of this
report. /

The Cloeckwork Delay Mechanism is designed to fire two (2) types of
primer-detonator combinations. The first combination, the standard soupling
base primer and Corps of Engineers non-eleetric detonator, can be fired without
a special adapter of any sort. The second, the ¥-34 detonator, requires a
special, stab-action adnﬁt-r which is supplied as accessory squipment with the
packaged device. With these two, the Clockwork Delay Device can be used with
most of the explosive and incendiary devices used by the Client at the time
of tﬁc development jrogram. Because of the non-central location of the firing
pin, howsver, the Closkwork device will not necessarily have the same minimum
clearance dimensions as the device with which it is to be used,

In operation, the Clockwork Delay Mechanism can be employed at
temperatures between an extreme low of ~45°F and an extreme high of +160°F.
Accuracy at these limits, however, is questionable, since the watch mechanism
tends to run "slow® (i.e., the timed delay is actually lenger than it should

be) under both extremes. Ascuracy within ¢ 3 minutes in 24 hours is readily
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Fig. 11 4~-Hour Clockwork Delay Mechanism, with

transparent face removed, showin: dial
and firing linkage.

Figo 23

2~Hour Clockwork Deiay Mechanism
Watceh Movement
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achieved within the terperature limits of -10°F to 120°F. Al 70°F, the
aceuracy of the delay period is within +Q und =2 minutes in 24 hours; this
accuracy is specified as a requirement for final acceptance inspection.
The case and its adapter are water-and oil-tight under static pressure heads
of 50 feet of water. By me:ns of careful selection and o eparation of a
particular unit, water tight intugrity at scuivalent qeptns up to 100 feet
o? water have been ac' ieved. The gaskets and seals of the device are cospletely
resistant to water, lubricants and fuels and most solvents under the pressure
heads mentioned abovs.

The packaged Clockwork Delay Mechanism includes several accessories
for its preparition and adaptation. These items include a winding stem;
a spscial adapter for the M=-3i detoratorj a coupling bvase adapter and primer;
an M~3i detonator; a coil of wire for attachin the device to targets; and a
tube of obscurins compound to cover the dial face and prevent la-.er observation
of the time setting. The entire kit is enclosed in a tear-strip can of ap-

vroximately 4-1/8" D x 4-1/4" high.

SnGRET
LSS TS
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VI. DZVELOPMINT HISTORY

A.  GEINSHAL 3ACKGROUND

The period frowm April 23, 1951 to approximately December, 1952
rarked th. Tormative period of the Clockwork Delay project. During this time
the primary tasks were those of establishing design recuirements and coriteria,
locating potentially interested manufacturers armd, finally, working with these
rmanufacturers to obtain firm bids for production. Only after the succeasful
sompletion of this period could the project planning bs implemented by funds
for th+ reguired tooling, equipment and labor to produce the Clockwork device.

This perioed, strangely enough, was perhaps ons of the .08t difficult
of the ertire program. The establishment of operating characteristics and
design criteria was readily made with th. mutual cooperation of the Client,

ADL and two major consultants, Leeds & Northrup Company and Automatic Temperature
Control Company; both of Philadelphia. Difficulty began, however, when the

great majority of firms contacted and requested to bid on this project were
unable to do 8o for a number of reasona. These firms represented a good cross-
section of the watch, clock and timer mechanism manufacturers in the United
States; their reasons for refusal, for the most part, were based on their al-
ready overloaded production facilities being unalle to take on furtner develop-
mant and production.

It was not until October, 1951 that any bid was recelved. At this
time, the Automatic Temperature Control Company of Philadelphia, Pa., the
previous manufacturer of the Navy's Democlition Firing Device, Mark III, sub-
mitted a bid for the cases and mechanisms, minus the watch movementas. It

became quite apparent, tnen, that the subcontracting for the project would

SECunT
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-

probablv hev 4o he made in twe 3sparate nartz. e.q., for Lne¢ movements and the
rechanisms separately.

With this in mind, further attempts were made Lo oblain separste
~ids fyor other manufacturers and from thos: whnich had already ‘ndicated
“1sir inability or unwillingnes: to bid on the entir: unlt. finally, two (2)
clockwork manufacturers, Inghram and New Haven, and two (2) pensral manu-
facturers, Automatic Tempersture Control and Thomsstor. 3pecial Tool Company,
submitted bids on the separate items. Althouth no production commitments were
made at this particular time, ADL was then able to outline the Iund require-
ments anticipated for the project and request a work order frou the Client.

On April 11, 1952, the Client authorized $69,443 for the mechanisms, and on
¥ay 19, 1952, $8,000 for watch movements; both of these authorizations were
nased on the lowest quotations received for each of the two major subecontract
itvcms.

On May 19, 1952, however, Inghram Watch Company withdrew its verbal
cuotation on the basis that a very recent Armed Forces contract threatened
to overload their facilities. Tiis withdrawal left only New Haven Clock and
Wateh Company as a potential source of waich movements, and a cholice of
Automatic Temperature Control and Thomaston Special Tool as sources of the
mechanisme Thomaston, being both the lower bidder ani well qualified for
1he work, was awarded the subcontract on December &, 1952; New Haven Clock
and Watch Company being the only available source of :atch iovements remaining,

was awarded an initial prototype subcontract on Decemoer 16, 1952

B. DZ5IGN CRITERIA

ks previously mentioned in earlier parts of this report, the only

evistine prototype of a clockwork delay mechanism suitable for the Client's

SECRAT

Sanitized Copy Approved for Release 2011/08/22 : CIA-RDP78-03642A000800050001-7



Sanitized Copy Approved for Release 2011/08/22 : CIA-RDP78-03642A000800050001-7

18

purposa wss the world War II, U. 5. Wavy Firings Jevicer, iark III. Of the
three models of this device avallable, the l2-hcur model was the closest to
t s marticular problem at hand. It was an sarly deelsion by the Client th.t,
25 {ar as possible, the new 24-hour clockwork delay mechunise. should foilow
this Mark III desipgn, in order to make maximum uss of previous desizn .nd
tooling enperience. (uite nmaturally, this previcus experiencs had uncovered
undesirable features of this design; the early development program for the
2h=h ur clockwork delay, therefore, sericusly conslidered these fe.tuiss.
This experience, coupled with a listing ol desired engineering characteristics
formulated by the Client for their particular needs, provided tie foundaticn
for the early desim work. A list of these desired enginseriii: characteristics
is as follows:
1, Timiner element inexpensive and readily available.
2. Both minute and hour indication for gre.ter accuracy
of settiny und rsading.
3. Unaffecied by temperature chan‘e from ~4LO°F to +160°F.
L. naffected by severe vibration, such as would be en-
countered in airplanes, trucks znd rough hanuling,
while in either tne shiuping or operation conditica.
5. Accurate within 5% of delay tiwme set.
6. Inaudible tc normal hearing at & feet or less.
7. Operable under 25 feel of watar.
8. Unaffected by weathering and nuaidity.
9. Positive safely which cannot be removed if f{iring pin

has been released.

P
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1% Positive stort anz stov.
11. Can be aet o fi-z st any predetermined period of tiue
from 15 minutes to 24 hrars and if feasible up o 7 days.
12. Can te wound and swh in fleld witi no wools other than
thos2 in sontalnsre  Oparstor should b: able to wind and
sot device with zlovaes on.
13. wuickly, easily and safely attached or installed.
14. Simple to manufacture nd operate.
15. Hust initlate suitable detonator.
15. Ho% aflected by marnetic fisld.
17. Minirum shslf life of 3 years.
18. Hindmum use of stragic matarials.
19. DSompust.
Tre followin~ churacteristics are desirable but not necessary:
2% Operator canu sss smoun®t of time romaining befors {iring.
2L. Tims revaining cun e changed after setting.
22. <Jparator has cholce of whether or not device can be
stopped end safety reinserted.
23. Individual device can be tested and reset.
24+ Luminous dial and indicatorse.
The Mark 1II device was desizned during World warr II by the Leeds &
Northrup Company of Philadelphia, und manufactured by the Automatic Tewperature
Cortrol Company, also of Philadelphia. It was to these sources that
Artnhur D. Little, Inc. turned for advice and consultation in the savaluation
and early development work for the new clockwork delay mechanisme The previous

war-time experience of these companies proved of great vaiue, and both were
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anxieus 4o gonperate 4o the fullest erted potsibles I was only after the
inltial rroduntior of two rilot models of the mechunis: and iis watch move-

mert that the corsultin- services of these ‘wo firms declined in val.e.

C. _WATCH MOVIMSNT AND ACCESSCRIZE

New Hiven Clock and Waten Company, New Haver, Connecticut, desi.ned
and manufactured the watch rovement used in the World War I1 Firing Device,
Y¥ark III. The early consultation with Le:ds & Northrup Couwpany, who did th.
nrevi~us over-all design work on the device, iniicated thut a largze number
of the watch "ovement in the devices produced on this Havy contract diu not
rwi.  Leeds & Northrup stated that it vas difficult to ietermine the exact
causes of this larre failurs, but they found records indicating that something
of the order of 40 ~ 507 of the movements were rejected prior to their in-
+tallatior into the device., Afts- instaillation, approximately 25% of those
oreviously acoepted wer: rejected during run-in. They also indisated that,
by a very ririd double-selection ‘nspection, the failure rate of the world war II
device was reduced to aprroxirately 9.5% after they were received in the field.
Leeds & Northrup irdicated that the causes for this large failure rate was
believed to lie ir the design and manufacture of the wateh icovement s,

One of the =irliest corsider:tions in tha 2h~hour clockwork mechanism
brofram was sumsed up in the tsrm, "the watch must run'; this reflected the
{eeling that, in spite of all other limit:tions, the redesign mech:nism must
function when ielivered in the field. On this basis, Lseds & Rorthrup under-
took an initial evaluation of the various scurces of faillure in both watch
Techanism and the {iring linkages of the World war II device. In this, they were
rreatly assisted by the report by Mayo, NCLK leport 7350. It was their belief
that the faults in wateh waking wnich had caused the iargs nusber of rsailures
could be defined asg
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. Fxceesive raar Lzoklashe

b. Excessive vinion end play.

¢. Zxcessive pinlon side play.

All of these faults can be sumred up in the staterent that the

riginal watch movementz were not desipgned or msnufactured with sufficient

attention to tolerance control. In additior, there were indications also
that the New Haven produstion tzchnicues did not provide for adequate wove-
went cleaning, deburring, chip removal =nd prevention of general co:rtamihation.

The sumrarization of Leeds & Nortrrup's early study was that the
watch movement used to power thie 24-hour clockwork delay mechanisw, while of
1 ralatively inexpensive n ture, could not be the "dol .ar watch" previously
used. On this besis, various manufacturers of the so-called "dollar watch
were contacted in an effort to determine whether or not their standard watch
mechanisms could be lmproved and adapred for this applicstion. This investi-
gation »nroved that on'y two, MNow Hoaven and Inghram, manufactured movements
suitable for consideration. Of the two the standard Inghram movement appeared
Lo be of the better cuality; ity design, however, would of necessity have to
be changed in many <“etails in order to adapt it for this use. The New Haven
movement, since it was the origiral basis for the Navy's Mark III device,
quite naturally !it1 not require any major changes except to provide for back
winding and setting. It was not until Inghram voluntarily removed theuselves
from bidding that the desi'm was 'orced, by :efault, tc base the redeveloped
unit on the New Havean movament.

Zarly Jlscussions with the New Haven Clock ard Watch Engineering

Jepartmant indiecated that the desisn changes and increased tolerance control

i3
&2
i3
+3
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believed desirable for this applic-tion could be quite easily Iincorporated
inte their basic "dollar" nmcvement. On thiz basis, New H-ven was .sked to
~uil? imredistely two movements incorporating gll of sne chanses belisved
iesirable. After considerable .delay in their manufacturs, these rovements
ver: incorporated inte two pilot devicas and, under tust, functioned guite
satisfactorily.

Additional small changes, inciuding alterations of the drum, hands
luminous paint ani other small details, were iutually declded among the Client,
Arthur D. Little, Inc. and Now H ven. A second proauction of apurolmately
12C movements, incorporating all of the desiin changes, wis made and tested
in ilot vroduction mechanisms at the Reservation. The rasults of these tests
condirmed thie previous inaications that these desian changes allowed successful
usz of the "dollar" movensent; New Hiven then undertook the remaining production
of 1,000 units at a unit cost of approximately $15.64.

In swmmary, tne design chunges made to the hasic watch .ovement

and its accessories are as follows:

Do ALTERATICONS TO WATCH MOVEMLNT AND ACCLS3CRILS

The following is & 1ist of the design chunges made to both the
com=ercial version of the Kew Haven Clock and iatch Ccupany's "dollar movement™
‘nd to the original United States Navy Firing Device, Hark III, in order to
bring the Clockwork Delay Mechanism 24-Hour to its present sta'e of designs

1. Movcment

a. Tightened tolerance control to limit end ;lay between

the center pinion shoulders nd the frornt and back

movament plates.
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Tizhtened tolerance control to reduce end ,lay of the

hour drum, in order to eliminate rubbing of the drum

and the tripping lever.

Tightened tolerance control to eliuinate side play of

the center pinion; this was achieved by better

tolerance control of both the center pinion diameter

and the movement plates hole locatlon ani diameter.

Changed the "under-dial" gear train from 12/1 to 24/1, and
tightened the tolerance control of both gear location amd
contour in order to eliminate gear backlash and

binding in the train.

Modified the existing click in order to provide additional
main spring back-off when the spring was fully wound; this
was to prevent both over-winding and breakaje of the spring
as well as failure to start as a result of high spring
friction.

Tightened the tolerance coritrol of the fit between the
front and back movement -lates at the uovement pilliarsg
made the pillars hollow in order to accept mounting screws.
Added bevel shaped Jewels to the balance si.aff and plugs,
ani specified higher polishing of the lever andescaped
wheel pivots in order to reduce the train friction and
dead-beat angle.

Specified a non-magnetic and non-temperature sensitive hair

spring material.

%
Q
g
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i. Increased the diameter of the back dial setting knob
to enable easier and finer settings to be made.

i« FEnlarged the peep hole in the top nmovement olute to
enable better visibility of the eacape -:isesl for surposes
of checkin- movement operation.

k. Added a luminous paint line on one spoke of the escape
wheal to allow checking of rovemont operation through
the peep hole in the darke

l. Chsnged ths previously used slotted back windin. stem
to a 3/32" square stem.

m. Made the final inspection and acceptance specifications
for the movement considerably more rigid than previously
used.

2. Dials, Hands, Etce

a. Modified the dial face for 24-~hour operation.

be Chaneed luminous paint from green to white in order
to increase night-tirme visibility (chanped to Canadian,
Radium and Uranium Corporation #183).

¢. Changed contour of dial plate to eliminate accumulative
tolerance difficulties in assembly; enlarged peep holes

d. Increased thes allowabl:z tolerance of the dial stock in
order to conform with industrial standaruis.

e. Substituted a longer and slimner minute hand lor that
originally used, in order to reduce parallax and enable

morc accurate setting.

SECHAT
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f£» Changed hour drum spot to sn embossed ard luminous paint
filled 1line on the hour bto unable bettexr visivility.

g. Changed finish of the d4ial, hand, and retainer nut to
dull blrck, in order to reduce reflectec light.

he Removed threads from the hand; hands held in :lace by
Jamming action of rut.

3., Accesaories

a. Substitutsd new scuare shonk winding stem for the
orizinal key, and increased the over-all length of
the key 1/2" to allw easier winding uncer operating
conditicns.,

B, #OVEMENT LUBRICATION

One of the earliest considerations in the problem of specifying
2 suitable watch movemsnt was that of its lubrication. The concerm shown
ovar lubrication by all those involved in the project was ample indleatiorn
of {its importance.

The {irst decision to be rnade wis that of whether or not any
lubrication was to be used. It is & well-known fact that unlubricated, or
"hare", watch rovements operate exceedingly well at low temperatures. Since
the low temperature operation of the prospectivs device was of prinary concern,
the possibility of using bare movemerits was given serious consideration.

‘r: the other hand, it has been the long experience of both the Government and
2iwvilian firms in the anufacture, storase and use of fus: mechaniams that

s bare wovement exhibits poor storags characteristics. Altnougn the sxact
nature of these characteristics have never bean well cefined, it is lelt

trat the hizh unit pressures existing in the movement bearings contribute to
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"freezing" and subsecuent storate failure of these unlubricated :jevices.
Since one of the primery ccnsiderations for the device was that the irovements
must run, regardless of its accurscy, it was linally decided tnat they should
¢ lubricated in spite of the fact that this would very probably be
detrimental to their low temperature performance.

The decision to _ubricahte the movementa, however, was [{einitely
g3 "2ixed blessingz", aince, as previously mentioned, it introduced additional
»roblems of low temperature performance. In addition, the question of
lubricant deterioratior during long-term sterage was introduced. In order
te svaluate the effects of these variables, it was decided tha' a program for
tr2 evaluation and test of various lubricants shoul. be maue. These tests
wers tn evaluate lubricants as rsgards storage life, low and hig: tewperature
performance, sv:ilability and, lastly, cost. The initial test program was
made in two steps. The first consisted of =z survey of available lubricants;
on the bazis of their specificiticns and the experience of Govermuental
agancles, an initial selection of oila for test was made. The second step
was 12 serles of time-tsmperature tests using wateh movements which had been
lubricated with those oils previously selected; in thisz test a2 fuze oil
{surplied by Frankford Arsensl), u atandard somzercial watch oil
(5tillwatch Oil Co.), and ne lubrdcant ("bare" novement) were svalustad
at temperatures of ~67°F, -22°F, +73°F, and +150°F. In gsneral, the results

-

of these tasts wer: somewhat clouded by the fact that the watch siovements

used were diiscovered tc e of poor wmechanical cuality. In splte of this fact,
nowever, there was a clear indication that, under these conditions, the fuze

0il and standard watch oil woilid not zucgessiully lubricate iness movements,
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A further investization of lubricants was conducted in which a
wider survey of speciiicationa and “ublished studies were used as a Lasis.
This survey vielded the fsct that 2 special synthetic fuze oil manufactured
under Specificatior MIL-0-11734(O0RD) and a watch oil nanufactureu by
Distillatior Products, Inc. ("Myvolube M™A"), might be acceptable. At this
time also the possibility was considered of using a sclid lubricant, molybdenum
dizulfide~in-sclvant. A second test serles was run in which the redesizned
watel: movements for thie clockwori device were used. Thre: test batteries
werz =3tablished for this test 1in order to evaluate tie new Juss oll,
(commonly known to us as FA#L34 frow Frankford Arsenal), the "Myvclube A"
0il and the molybdenum disulfide lubricant. The results ind conclusions from
¢nis t28t are to be found in Appendix E of this report, ADL interim Report No. 1.
In summary, this Interim Report recomrended that Myvoluobe A (re-named about
this time as "Convalube A"), should be used in this application. With this
lubricant, sxtreme operating temperature limits of -45°F ~ +160°F were
astablished,

Subsequent information, arrived after tine completion of the entire
clockwork troblem indicated that the savple of FA#L34L oil wss sither sub-
starndari or cortaminated prior to its delivery to Arthur J. Little, Inc.,
ani, as a result, very probably d1d not exnibit its best characteristics
durin: this test. While this in no way changes the results obtained with the
Gonvalube A lubricant, it very probably could affect a further evaluation
of tite FA#L3IL oil might profitably be made for future application in clockwork
devices of this typs.

Having thus ietemmine=d the temperaturs effects on lubrication in
the rovement, 1t then remained only to develojp some method of protecting the

iybricant to the mavimuw: externt wossible during iong-term atora,;e.s While no
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Figure 3. L & R Industrial Cleaning Mschine,
As Used to Clean and Hinse Watch
Movemants During the lubrication
Investigation.
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control over the spreading of the lubricant durin: storase could be
exercised, effective control over its oxidatiorn and sludre formation was
nossible. This was effected by the purging of air from lhe sealed
clockwork mechanism and the inzroduction of oil-pumped nitrogen gas into

the case immediatelv Lefore firal pack-:iging.

F. WATCH MOVIMUNT MAINSPMINGS

The original New Haven "dollar" movement makes use of . standard,
flat mainspring; this same mainspring was used for the original prototypes
s° the 2h-hour movement in the clockwork delay. Early in the development
nrogram, however, the guestio: was raised as to whether or not a mainspring
of auch ordinary antecedents would be suitable for use in such a speclallized
device. + was believed that the mainspring might be 3 potential source of
failure in t .o ways, namely, b7 breakage or by fallure to develop sufficient
torque at low temperatures to overcome increased lubricant friction.

In order to resolve these questions, an investigatlio: was initliated
to determine whether or not tne New Haven mainspring was sctually subject to
these failures and secondly, whethar or not a nigher gquality mainspring was
svailavple. In discussiors with both New Haven :nd Sandvick 3Steel Company
it was learned that the breakage of mainsprings caused by overstressing during
their spiral winding usually occurs very soon after tie winding operation has
vesn completed. New Haven cited the fact that they normally stored their
nainsprings for several months before assembling them into watches, in order
to allow this stress cracking and breakage to take plsce. They further asserted
that breakage of mainsprings from this cause after assembly into = watch

rovement was very uncommon. 3Sandvick Steel, who supplies mainsprings for
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watches ani clocks of many manufacturers, confirmed thise. As a result, this
gource of failure in the 24-hcur —overent -as diszounted.

To determine the effect of rapid temperaturs chanie on the uainsprings,
and whether or not this would induce their dreakacge, twenty (20) standard
New Haven "dollar" movemsnts were subjectes to extremely hign rates of
*emperatures change, both atove ard below room temperature. It wis cdetermined
from these tzsts that ranidly decreasins temperatures, in the order of
150°F in one half hour, did not induce breakage, even vhen the mainsprin;s
were tightly wound. Rapidly increasing temperstures, howsver, appeared to
have somewhat of 2 more serious effect on these springs; in particular, rapid
temperature increase from -65° to appreoximately +70°F in two hours caused
tvo (2) of the springs to break. The less severe increases, on the order of
70°F - 160°PF in two hours, appeared to have little effect and caused no
breakage of mainsprihgs. In view of the fact that these temperature change:
to which the mainsprings were subjected in test were far in excess of any
e pacted to b2 encountered in fleld service, it was belleved that the breakage
observad was not excesaive ani therefore should bz tolerated. To correlate
the performance of the {lat New Haver sprin-s with that of the 3andvick curvede
section springs later obtained, however, a similar seriss ol tests were run
ori these latter springa. The breakage of the curved sz2ction Sandvick springs
during high rates of temperature chan v showed no diff:rent pattern from that
of the New Haven arings. As a resuli, the cuestion of temperature breaskage
could not L resolved hetwesn these two.

The remaining nuestion resarding mainsprinss was that of driving
torque delivered at low temperature. 3ince the movement lubricant would quite
naturally undergo an increase in viscosity as the operating temperature was
lowered, it was dasirable to determine whether or not additional driving torque
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supplisd by the surved section Sandvick sprinis would oe reoulred for this
carvica. In order to evaluate the increase in drivinz torgue avallable from
*te 3andvick sprinegs, a battery of 10 New Hiven "dollar' watch uovements

were fitted with this tvpe spring. A ssries of roonm tamperature tests were
run in which this battery of watch novemsnts was compared with a similar
battery of movements with standard springs, and the average length of running
time of each was recorded. It was found that the curved section mainspring
‘rove these movements on the average of approximately LO# longer than did the
flat springs; the availavtle rumning time of the curved section springs was 36 hours,
and that of the flat springs, approximately 33 hours. On the other hand,

2 series of low temperature tests, using the actwl delay mechanism prototypes
fitted with the fl-:t spring: indicated that fallure of tnhe watch movements

to run under these conditions could not be attributed to a lack of drive
tor~ue. In other words, the siandard, flat, New Haven spring appeared suf-
ficiantly powerful to drive the mechanism under all anticipated conditions.

In summary, while the curved section :pring ictuaslly would deliver
approximataly 10% more drivins tornue, no other advantage was be.iieved to
exist. 3Since tha flat spring was nroved adequate for low temperature service
ind gll other conditions were ecual, it was finally decided that no change

from the original New Haven flat s=pring would be made.

3.  MOV:MERT TIMING AN CALIBR.TION

Very early in the clockwork program it wa: dwmonstrated that a
suick, simple and accurate mwthod of timing the rovements would be reguired.
The reading of dials in order to determinz running errors did not offer
sufficient accuracy for either tne initial calibration or the inspsction of

watch rovements durlng test. Starting with information received from

suonaT
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Yew Haven Wetcn and Zlock CJo., uhie wmerican Time Prod.cts Go., Inc.,

Few York, Naw York, was covtashed to irvsstizate their "watchmaster" model
G<17 timing mechanism., Tnic device consists essentially of a tuning fork
vhiich provides 2 fixed bs:t cisnal agairst which the actual wetich tiechanism
Lrat ie zo paret. The differenc: hetween these beats is recorded as a
patterr on 2 tape. The singular advantage of this instrunent is that it
brovides a rexdily-available record cof the instantaneous beat of the wateh
mechanism; the resulte obt:ined fron testing the watch :re in the for. of an
extremely siaple tape recorde This instrument allowed :.ot or ly easy testing
and determ*nation of the wateh beat rate under all test conditions, but also
nrovided a quick end accurate method of evaluating the over-all watch iovement
cuality. In this latter it proved of grest valus in the detection and elini-
vatior of watch rovements that were sub-stindard for various reasons, such

as sccentric zears, burrs ani Jdirt.

The "atchraster® timer sz shown in Figure 4 was used throughout
the test program; during this ussgz the technique wae developed by .hich the
intividual watch movements eould be suickly c:librated for their final ire
srection imoedistely prior to gackasine. The tacknique finally devaloped
w2z 23 follows:

2. Wind mairn epring fullry.

be  Allow wa‘ch wovanent S~ ru for four h-urs.

c. tdjust instantaneo:s beat rate tc botween O and +1

minute per 24 hours error.
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Firure 4. ‘merican Time Products, Inc.
) Matchmaster”, Model G-17 Tinmer,
Used to ilecord Kovemant Per-
“ormance During Tests and
Calibrate Fovements for Final
Inspection.
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While it had been decided early in the projer .o that tpne desisn of
the case aud necaanism should duplicats those of tae crijinai Jiring Jevice,
kark III, there ramainea several changes which wers believea desiacle.

Tne scurce of these cnanges Lie bobl. L previous experlence ained with the
Firing Device, Mark III s in the Client's desires for o more universal
ievice. The majority of these changes, pariicularly those to the case, con-
csrnad the seals and closures. inor chanyges were made Lo ths sechanisa and
firing linkagzes in order to reduce the possibility of fuilure in operation.
7z larsest singlw chaune made i whe mechanism consi-ted of line alditlon

of & positive s_arter to provide a weans of giving the movesent balance
wiael 1 sharp kick to insure its startin:, particularly at low temperatures.

A swamary of these changes snd the ressons for tneir belng iade is
as fo.lowst

l. Case
a. opecilied z zinc die casting in place of aluminum
ior the case; L spibe o Los acressed welghit of
sine, the aavaniages it offersd s regaris case of
machining (particularly drilling and tapping),
incraased cass dis 1ife and bebter pusrantes & Anst
the casting porcsity, were cosaidered zoverning.
b, Altered uovement mounting bosses to accepl re~designed
Lew Haven movemeribe

c. Added pilot iiole to ;woevide an cut-board b.oaring Jor

the safety plug when it was 1n the "satre" positiong
thiz was to prevent bonding of the plug and stew when the

firing pin w.s relessed into it during test.

SECRuT
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d. Fnlsrgad the peap hole in order to increase movamant
visibility.

e. Altered trin-in~ lever mounts in order *o a2stsblish
tighter tolerance control in the nositioning of the
trippinsy lever in relation teo the hour novemsnt disce

f. Altered the external paint and paint specifizations;
snecified parkarizing of the back plate and wash-ovriming
of the zinc die casting in order to hold paint better.

g, Specified painting of the case interior cavity in order
to reduce reflection.

h. Reduced the amount of stimped and die cast printing on
the case exterior.

2¢ Seoals and Snclosures

a+ Replaced the two original back plate caps with one large
hrass cape

b. Altered the closure of the back plate cap to maxe use of
an "O%.ring seal.

c. Inereased the clearance betwean the back movement plate
cap and winding stem to prevent accidental disturbance
of movement time setting when the back plate cap was
revlaced in operational usage.

d. Changed specifications for gasket; chanzed material from
neoprene to "corprene" and finally to Buna-N, and changed

thickness of zaskets from 1/16" to 1/32".
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0. Cranced orlinal p.cking glang s2ils in Loe posivive

-

starter aud the 3alety to lex7ude 2isgh.ur packing for

2

i

aaal acainst oxbornal prossurs.

f. 3pecifiad the use of Dowu-Gorning silisore prsasa
1 D [}

Vst

loe DC-11 for lubrication and sealing of packing lands.

g, Cronged oririnal firing uin hole tnread froxm 3/8" - 26 to
771457 < 20 in order to wount soupling base pricer directly.

he S-ecifiad conrer plated Phillips head screws for sscuring
front, and back nlat2s; Phillive head serews are 2asier to
set 4o a predesaribed toroue with mechandcal drive zzraew
Arivars,

i. 3pezified tornus settings for 21l closures.

Jo S3peaified sealing corpound {Perratex No. 1) to seal
geraws wnd gland adapter Lhreads.

k. \ider alots in betl back wlate cap and shipping »lug to
21low use of conba’ ¥nife or other heavy blude in their

rewaval.

I. FIRINC LINKAGE

a. Changed contour of toggle to prevent its binding on the
tripping lsver foot.

b. Modified shape cof the tripping lever to prevent its
rubbing against the hour disc.

c. Modified shape of ithe latch pin and tripping lever
pivot and roller to snable better tolerance control

of their axial position.

SECRET
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37

Chanesd contour of sear lever to unsovar movement paep
hole when the firins linkesps was cocked.

Blued the sear, latch pirs und other linkas: parts to
redice reflection.

Chamfarad the le=ding edge of the firing pin to reduce
bindine and shavirz action within the firing pin bore
hole.

Snecified coating o7 molybdenum disulfide for lubricstion

of firing oin and firing »in spring.

D

e

d.

Addi

Added positive starter to casze

Snanzed design of tue cocking device, including
addaition of a locking pin.

vhangsed desiyn ol tne cocking: yoke in the positive
atarter.

Aitered the M-34 adapter to inciude longer Iirin pin

stroke and "0Y-rin. seals

tiora) detail regarding the testing and desimm for development

of the seals and closures is ziven in Appendix E of this report. Similar

details as to

the testing and evaluation o the firing linkage and causes

for its failure are given in Appendix F.

STGHET
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VII. PRODUCTION {ISTORY

A. SPECIFICATICNS

During the development period for the clockwork delay device, but
prior to any production, tentative specifications for both the watch movement
ard the delay mechanism were ocutlined to reflect both the general design
criteria and past experience. The original watch movement specifications
were “irat outlined by Leeds & Northrup Company in a letter of July 30, 1952;
these wore followed by a second, and sowewhat broader set of specificitions
by Kr. Hiram Keafer, a consultant to Thomaston Special Tool Company, on
December 11, 1952. The originsl specifications for the delay mechanism itself
were somewhat more spread out as regards time. The first set received from
Leeds and Northrup was dated November 14, 1951; the second, January 11, 1952
and the last set of tentative specifications from them came March 4, 1952

As previously mentioned, the contents of these specific:tions were
based on the previous experience of both consultants. These various efforts
were melded durin: the early part of 1952 to form the first tentative speci-
fications on which the initial desisn and first models of the entire clockwork
delay asserbly were to be constructed.

Quite naturally, it became necessary to make changes in these tenta~-
tive specifications as time went on as both changes were made to the physical
confiruration of the device and further experience was gained. During this
process of specification, modification, the services of Dr. B. J. Wilson for
Leeds & Northrup, Mr. Louis Denegre for New Haven Clock and Watch Company,

Mr. Hiram Keafer for Thomaston 3pecial Tool and Messrs. Frank deBishop and
W. C. Richtmyer were drawn upon heavily in their respective fields. Cooperation
between these people, the Client and Arthur D. Little, Inc. was complete

during this period; as a result, although the finallzatior. of these cnanges

SECRET
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was truly a slow process, agreement among those concerned was usually easily
mada.

The net result of these changes to the czpecificatlons for both watch
ovement and delay mochanism was a set of specific«tions which were essentially
complete by the time final production was initlated. It was not nossible,
howsver, to have the final inspection and acceptance procedure well defined
5y this time, since a large lot of tie assembled mechanisms would be recuired
for the testing of the specification procedures in actual practice. The final
acceptance procedures were tentatively outlined durinz the production testing
at the Reservation between January and June, 1955 Actual performance of the
final specification acceptance testing was accomplished at the Reservation in
ordsr to check its workability in practice and, at the same time, develop the
wnit packaging specifications. While last minute changes were made in the
test procedurs, no basiz alterations of the test criteria were made after

January, 1955.

3. MOVEr:NT PRODUCTION

The difficulty e:perienced in locating a manufscturer willing to
accept responsibility of producing the watch movements has already been des—
eribed in a previous sectior of this report. After the New Haven Clock and
watch Corpany had been selected as the subcontractor for the watch mnovements,
there was very little difficulty encountersd in making known to them and ob=-
taining their agreement for the required changes to the NH "dollar" movements.
On December 16, 1952, the discussions with New Haven had proceeded to the point
where two hand-made prototypes were ordered; these prototypes were to include
all of the changes sugzested to date. After much delay in their production,

these movements were delivered by New Haven to Thomaston Special Tool Company

SECRET
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on June 15, 1953, and were there incorpor:ted in the initial models of the
clockwork delay mechanism. The results of tLests run on these two prototypes
indicated that <he general desizn of both movement :nd delay mechanisms was
satisfactory.

New Haven completed the special tooling recuired for the watch
novement by Awgust 7, 1953. One hundred (100) pilot-run novements were
jelivered to Thomaston Special Tool by New Haven on September 15, 1953, and
there incorporated in the delay mechanisms destined for the firast large-scale
testing of the device at the Reservation.

During the next 8 montiis, as the result of both the testing program
and further suggestions to meet the desired operating and handling characteristics
of the device, there were several changes made in the watch movement ana its
accessories. These changes are reflected in the previous section of this
report, under watch Design. During this period, New Haven Clock and Watch
obtained from J. He. Winn's Sons, of Winchester, Massachusetts, new minute hands
to replace the short hands of the original device. They also obtained the
services of the Canadian Radium and Uranium Company of New York in tne re-finishing
and re-striping of the hour dials and drums. Other minor changes were made to

the movement at New Havent'!s facilities. Durin: this period, in spite of the fact
that the time consumed was cunsiderably longer tharn desired, the cooperation
siven bv New Haven personnel was excellent,

By July 21, 1954, all of the details and changes of the watch design
had been resolved, and New Haven was given authority to commence production of
1,025 additional units. Final delivery of these units was made during
Decembar, 1954. Includin: the two original prototypes, small pilot lot and
the large production, New Haven Clock and Watech produced 1,127 wmovaments under
this work order.

SEGRET
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Contact with Thomaston Speeial Tool Company was originally made on
March 24, 1952, as the result of their ascoidental intreduction to the problem
through Inghram Watch Company. A final bid was reseived from them on November 7,
1952, and this bid was accepted by all parties on December 8, 1952. Between
the early part of Desember, 1952 and June 23, 1953 many conferences were held
between Thomaston and others conserned with the preject regarding design
shanges to the delay mechanism. These design shanges were brought about partially
from the experience gained with the original Mark III prototype and partially
by the changes made to the watch aovement. Thomaston, on June 23, 1953,
delivered the first prototypes of the 2i4-hour cloekwork delay mechanism.

These prototypes were made from tooling that had not been hardened, so that

any changes required in these models could yet be made in the permanent tooling.
A meeting on that date by all parties concerned finalised the nh;er changes
believed necessary, and Thomaston was given authority to hardem all of the
designs.

During the pericd from June 23, 1953 - August 3, 1953, Thomaston was
requested to design and build a prototyps of a new positive starter. When
completed, this starter was compared to ones submitted by Leeds & Northrup;
Thomaston's design, which incorperated fewer parts and appeared to be more
rugged, was selected for use in the final mechanimm. During this period also
Thomaston was requested to revise both the cocking device and the M-34 adapter.
By August 3, 1953, all of the designs, imcluding the case, firing linkage and
accessories, were believed satisfactory and Thomaston was given authority te
proceed immediately in the production of all items.

As with the watch mechanism, there were additional changes made
during the final production of the clockwork device. Primary among these

SECRET

Sanitized Copy Approved for Release 2011/08/22 : CIA-RDP78-03642A000800050001-7



Sanitized Copy Approved for Release 2011/08/22 : CIA-RDP78-03642A000800050001-7

SECRET L2

changes was the alteration of gaskets and sealing for the clockwork case.

These changes are reflected in Appendix E of this report. During this period
also Thomaston made many positive suggestions for techniques and procedures

to handle produstion and testing of the device; many of these were ingerporated
into the final specificaticns. Final delivery of the last of the mechanisms
prodused in this final lot were delivered to the Reservation in January, 1955,
At that time the packaging,design, and testing of the device was commenced.
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ViII. AGING

-

A. GENERAL PACKAGING CCNSIDERATI(MS

After final desision had been made as to the components which

were to te included in the unit package for the clookwork delay mechanisam,
a firm basis was then avallable for the design of both the unit and sub-
package units. The components to be included were as followss

1. Clockwork delay device and its attached winding stem.

2. Small tube of obscuring compound.

3. M-34 detonator.

4. OCoupling base primer.

5. Clockwork coecking device.

6. Special adapter for the M-3i detonator.

7. Twelve feet of soft iron wire, for attaching device

to target.

The major consideration for incorporating all of these components
into a single unit package was that of providing a simple and rugged internal
arrangement. In view of the explosive nature of the M-3L detonator and the
coupling base primer, this problem of internal arrangement was further
complicated by the fact that these items required complete physical pro-
tection.

Since a minimum storage life of some 5 to 7 years before surveillance
and overhaul was anticipated, it was believed desirable to provide some sort
of inert atmosphere within the clockwork case to prevent oxidation of the
watch lubrication and corrosion frox the entrapped moisture. The relatively
long storage requirement alsc pointed out the fact that elimination of both

trapped moisture within the packaging materials and potential sources of

SECRET
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container internal corrosion were also desirable.

B. DESIGK OF PACKAGING
The adequate proteotion of the K-34 detonator and the coupling

base adapter were considered to be of primary importance and governed the
general package design. The dosign of their sub-packaging and anchoring
within the package proved to be a stumbling block for a corsiderable time.
These problems wers finally resolved when it was found that the M3l
detonator could be sub-packaged in a spiral tube and mounted directly on the
clockwork casej; the extreme dimensions of the cloeckwork case were greater
than that of the detcnator sub~package, and hence would prevent damage to
the detonator in the event of the cans being crushed. It was also found
that the doupling base adapter could be removed to the far side of the wnit
packags from the X-34 detcnator and well padded with cushioning naterial;
this redused the probability thet the primer would ever be initiated. In
the event of its accidental initiation, however, its physical distance from
the ¥-34 detonator provided assurance that thers would be no syapathetic
initiation of the M3,

With sdequate protection of the explosive elements thus assured,
the remainder of the package design almost automatically fell into place.
The use of a spiral-wound mailing tube for packaging of the ¥-3i detonater
was found to be extremely rugged and simple; this method of sub-packaging
was immediately extrapolated for use in sub-packaging of the coupling base
adapter and coecking device together, as well as providing a fimm mounting
for the special siapter. Figure 7 shows these components ready for their sub-

packaging.
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Once the sub-packaging of all co:zponants had been determined it
was then posaible to define the sigze of the unit package can. Georgze D. Ellis
and Sons, Ine. of Philadelphia, Pa. was consulted as a potential supplier
of this can. At their suggestion, extra-hsavy electroplated tern-plate was
specified for the can body, as wel’ as a coating of vinyl resin over the
internal tear-strip scores. They also suggested the use of over-sized tear
strip keys, in view of the fact that the can material wss heavier than normal
(0.015*). In addition, pressuce Lesting :as specified for each can, in
order that there would be 1008 insurance against side-and bottom-seam leakage.
The exact details of the final tear-strip can and other components specified
for the unit package can be obtained from the Drawing 210b~501.
C. INIT PACKAGING PROCEDURE

Immediately after the final calibration and operational chesk-out of

the clockwork devices the following packeging procedure was initisted:

(a) Several clockwork devices were nested in a vacuum bell
Jar after their back plate caps and shipping plugs had
been loosened. This step is ahown in I"igufo beo

(b) The bell jar was closed, and the internal pressure was
reduced to approximately 2, inches of merowry vacuum.
This cycle was extended for 1 minute in order to allow
the entrapped air frox the clockwork oaszes to bleed out
and be removed. Figure 5 shows the arrangement used
for this pump~-down operation.

(c) After the delay period at low pressure tne vaouum pump
was removed from the circuit and nitrogen gas was allowed
to bleed slowly back into the bell jar. The devices

SEGRET
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(d)

(e)

(£)

(g)

(h)

~l6~

were allowed to remain in the nitrogen atmosphere for
approximately two minutes after it had returned to
atmospheric pressure. After that "soaking® period,

the back plate caps and shipping plugs were set tight.

The unit package padding and wrapper components were

baked dry for approximately 1/2 hour at 250°F to remove
all residual moisture. These components are shown in
Pigure 6.

Sub-packaging was accomplished as shown in Figures 7 and 8.
Zach sub-packaging component was taped tightly toguthar.
The clockwork delay mechanisms, carrying M-3i detonators
and obscuring compound tubes, were then inserted into

wnit package cans as shown in Figure 8.

The special adapters, coupling base primers, cocking
devices and coils of wire were then inserted into the
packages as shown in Pigure 9.

The packages were then completed by the addition of the
top buffer dises, the can tops put in place and immediately
double seam sealed as shown in Figures 10 and 11,

A more destailed procedure for the packaging operation is outlined

in Section 10, Specification T210b.

SECREY
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Figure 5. Clockwork Delay Mechanisms, as
nested in vell jar, readr for
purging with nitroger gas.

I T
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Figure 6, Nitrozern gos purging .vstew used to
evacuste air from mech:nism cases
and introduce nitreger =25 for
inert atmosphere packaring. Bell
Jar at left; altimeter and zas
manifold in center; rnitrogen regu-
lator and bottle at right.

S50 T
Zobvbod
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Fizure 7. Unit package can, padding
and wrsppsar components.
Left, can top; 2nd, two (2)
top vadding discs; 3rd, can
liner; 4th, two (2] bottom
paddin: Jises;y tisht, unit
vackage can.
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Figure

Unit package componants, in preparation for
sub-packaginz. Top left, case, with winding
stem and obscurin: compound; top right,

M~34 detonator, with tubse, padding and tape;
midile, couplin; base adapter and cocking
device, with tuce, padding and tape.

Bottom, special ¥-34 adapter, witn tube,
padding and tape. Left, wunit package can,
with corrugated liner, wire roll and tapee.

SECRAT
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Flgure 9, Sub-asssubled case, with tube of ubscuring
compound and M~34 detonator tsped in glace,
as inserted in third packazing step. Case
iz supported on two corners un. start-stop stem
to prevent shifting.
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Figure 10, Interior of unit package, with ail components
in nlage, ready for insertion of top buffer
discs and top closure. This is last step
hefore final closure of the unit package,

SECHET
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Figure 11, Canning machine, with can ready
for final double-seam sealing
operation,

SECRET
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Figure 12, Fin:l unit-package can, as ssaled
by canning machine,
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Specification T210a
1 June 1955

MANUFACTURING, ASSEMBLY, INSPECTIN AND PACKAGING SPECIFICATIONS

1. Purpose
1.1

1.2
1.2.1
1.2.2
1.2.3
1.2.h

1.2.5

e Marking

FOR THE 24-HOUR WATCH MOVEMENT AND ITS ACCESSORIES

The purpose of this Specification is to insure that the 24~
Hour Watch Movement and its accessories are properly
manufactured, assembled, inspected and packaged, and will
operate in the desired manner.

The items included under this Specification are as follows:
2L -Hur Watch Movement

Hour Disc

Minute Hand

24-Hour Dial

Winding Key and Chain

No part of the 2L-Hour Watch Movement or its accessories,
components, packing and packaging shall carry any trade-
marks, names, specification numbers or other means of
identification. The Contractor's attention is directed to
the fact that some of the specifications cited herein may
require certain symbols or markings on the materials. The
complete elimination of such markings is required by this
Specification, except as noted below:

The Provisions of Section 2.0 of this Specification shall
not apply to packaging labels and ~ther special markings

approved by the Contracting Authority.
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Page 2 1 June 1955

3., Parts The 2i4-Hour Watch Movement and its accessories shall consist

of the following parts and assemblies, as described in the

below-listed drawings:

Part Name Drawing Number
3.1 Final Movement Assembly 210a~101
3.2 Back Movement Plate Assembly 210a-201
3.3 Back Movement Plate 210a-401
3.l Hairspring Stud 210a-402
3.5 Regulator 210a-403
3.6 Balance Plug Assembly 210a-301
3.7 Balance Plug 210a-L40L
3.8 Jewel ?10a-L05
3.9 Barrel Bridge 210a-L06
3.10 Pillar Screw 210a-407
3.11 Front Movement Plate Assembly 210a-207?
3.12 Front Movement Plate 210a~408
3.13 Click Spring 210a-1,09
3.1k Click 210a-411
3.15 Click Stud 210a-412
3.16 Pillar, Short 210a-413
3.17 Pillar, Long 210a-L 1l
3.18 Mounting Pillar (Long) 210a-415
3.19 Mounting Pillar (Sh»ort) 210a-416
3.7 Retainer, Main Wind Wheel 210a-L17
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Page 3 1 June, 1955
3. Parts cont........ cecrae
Part Name Drawing Number

3.21 Stud, Dial Wheel 210a-420
3.22 Stud, Hour Wheel Spacer 210a-423
3.23 Balance Screw Assembly 210a-302
3.24 Jewel 210a-405
3.25 Balance Screw 210a-410
3.26 Dial Wheel Assembly 210a-203
3.27 Dial Wheel 210a-418
3.28 Shuck, Dial Wheel 210a~419
3.29 Winding Arbor Assembly 210a-204
3.30 Winding Arbor 210a~421
3.31 Ratchet Wheel 210a-422
3.32 Center Shaft Assembly 210a-205
3.33 Center Shaft 210a-424
3.34 Cannon Pinion 210a-425
3.35 Center Shuck Assembly 210a--206
3.36 Center Wheel 210a-426
3.37 Center Shuck 210a-427
3.38 Washer, Center Friction 210a~428
3,39 Washer, Rotor Pin 210a-429
3.40 Mainspring & Barrel Assembly 210a-207
3.41 Barrel Assembly 210a-303
3.42 Barrel 210a-430
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Page 4 1 June, 1955
3. Parts cont...c.occuenns
Part Name Drawing Number
3.43 Hub, Barrel 210a-431
344 Arbor Assembly 210a--304
3.45 Arbor 210a~432
3.46 Arbor Hook, Barrel 210a-433
3.47 Mainspring 210a~434
3.48 Balance Assembly 210a-208
3.49 Balance Wheel Assembly 210a-305
3.50 Wheel Balance 210a-435
3.51 Impulse Pin 210a-436
3.52 Balance Staff 210a-437
3.53 Roller 210a~438
3.54 Collet & Hairspring Assembly 210a-~306
3.55 Hairspring 210a-439
3.56 Collet, Hairspring 210a-440
3.57 Wedge, Hairspring 210a-441
3.58 Lever A;sembly 210a-209
3.59 Lever 210a-L442
3.60 Guard Pin 210a-443
3.61 Escape Pin 210a~4il,
3.62 Lever Shaft 210a-445
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Page 5 1 June, 1955
3. Parts Cont.cveececocuecanass
Part Name Drawing Number
3.63 Escape Pinion Assembly 210a-210
3.64 Escape Pinion 210a-446
3.65 Escape Wheel 210a~44"7
3.66 Lth Wheel Assembly 210a-211
3.67 Lth Wheel 210a-448
3.68 4th Pinion 210a-449
3.69 3rd Wheel Assembly 210a-212
3.70 3rd Wheel 210a-450
3.71 3rd Pinion 210a-451
3.72 Washer, Dial Wheel 210a~452
3.73 Hour Disc Assembly 210a-213
3.74 Hour Disc 210a-453
3.75 Hour Socket Assembly 210a-307
3.76 Wheel, Hour Socket 210a-454
3.77 Hour Socket 210a~-455
3.78 Washer, Dial 210a-456
3.79 Minute Hand 210a-457
3.80 Nut, Minute Hand 210a-458
3.81 Set Knob 210a-459
3.82 Winding Key Assembly 210a-214
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3. Parts Contececececoccossvsns

Part Name Drawing Number
3.83 Winding Knob 210a-L60
3.8L Key Shaft 210a-461
3.85 Key Chain 210a-L62
3.86 Wheel, Main Winding 210a-}63
3.87 Shipping Screw 210a-L 6L
3,88 Shipping Nut 210a-L65
3.89 2L-Hour Dial 210a-U66
3.90 Movement Time Train 210a-501
3.91 Movement Packaging Assembly & Details 210a-502

L. Materials

L.l A1l materials used in the manufacture of the 2L-Hour

Watch Movement and its Accessories shall be in strict
accordance with those required by the detail drawings
listed in Section 3 and the list of packaging materials in
Section 10 of this Specification.

L2 In all cases where an alternate material and/or specification
for a material is cited, selection of the material for use
shall be made in the order of their listing on the detail
drawing applicable. No change from a given material to an
alternative material shall be made within a given single
contracted order for the 2L-Hour Watch Movement and its
Accessories after any production of the part in question

has been initiated.
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All finishes given and finishing methods used for parts and/or
assemblies of the 2L-Hour Watch Movement and its Accessories
shall be in strict accordance with those required by the
detail drawings listed in Section 3 of this Specification.

No component or assembly of the 2L-Hour Watch Movement or its
accessories shall be coated or otherwise covered with any

type of varnish, shellac, lacquer, plastic or film of any

other similar material to prevent oxidation or contamination,

All dimensions shbwn in the detail drawings listed in Section
3 and the description of packaging in Section 10 of this
Specification are cited for the general guidance of the
Contractore.

It is recognized that the exact duplication of the 2L-Hour
Watch Movements and its Accessories by any but the original
manufacturer would be a difficult and costly task. With this
point in view, the Contractor, if other than that with whom
the original movement and accessory development was done,
shall be governed by the following sections:

The movement and accessory dimensions shall be such as to
produce an assembled movement and accessories having a
general performance and operating characteristic at least
equally those defined in Section 8 of this Specification.,

The movement and accessory dimensions shall be such as to
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produce an assembled movement and accessories which will
mount on and operate in and with the mechanism case and
its related accessories, as outlined in Specifications
210b and 210c,

6.2.3 No limitation shall be placed on the Contractor, other than
those cited in this Section, to prevent maximum use of that
Contractor's standard parts and assemblies in a movement

produced under this Specification.

7. Assembly
7.1 The component parts of the 2L~Hour Watch Movements and its

accessories shall be assembled in general accordance with
Drawing Number 210a-101, Final Movement Assembly, and all
other applicable assembly and sub-assembly drawings listed
in Section 3 of this Specification.

Te2 It is again recognized that the exact assembly of a watch
movement by any but the original manufacturer cannot be
completely and individually defined in a general specification
of this type. With this point in view, the Contractor, if
other than that with whom the original movement and accessory
development work was done, shall be governed by the following:

Te2.1 Sections 6.1 and 6.2 shall apply, with the word "assembly"
being substituted for the word "dimensions" where applicable.

7.3 In addition to the above Sections of this Specification, the
Contractor shall be governed by and responsible for full

compliance with the followings
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Extreme care shall be exercised during all phases of
assembly, inspection and handling to prevent contamination

of the movements and their accessories from such sources

as dirt, lint, smoke, oil and oil vapor, water and water
vapor, perspiration, etc.

After assembly, all movements shall be thoroughly cleaned

by immersion and agitation methods to remove coitaminants
mentioned in the above Section as well as burrs and chips
from holes, slots and other recesses,

The use of vapor degreasing as a sole method of cleaning
shall be prohibited. The Contractor shall submit an
affidavit to the Inspector, prior to the latter's Inspections,
that the cleaning methods and solutions used are ones which,
under normal cleaning procedures, will completely remove all
traces of perspiration contamination.

As an alternative to Section 7.3.3, the Contractor may submit
to the Inspector an affidavit to the effect that the following
cleaning method and solution have been used for all parts

and assemblies:

To3.kel Equipment: Basket-type rotary immersion cleaning machine,

similar to L&R Industrial Precision Cleaning
machine.

Solutions 3 ounces triethanolamine (tech) in an 8 ounce
bottle; add 1 ounce oleic acid (tech) and shake

until completely gelled. Add L ounces acetone
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(tech) and blend until homogeneous. Dilute
for use with 1 gallon of distilled water.
Procedure: Step 13 Clean, 5-minute agitation,
2¢ Rinse in distilled water, 3-min. agitation.
3: 1st rinse in naphtha or Stoddard's
solvent, 3-minute agitation.
L: 2nd rinse, as above.
5: Clean, oil-free air blast drying. as
required to dry completely.
All parts and assemblies shall be handled whenever possible
in baskets; and in all cases by personnel wearing clean,
0il- and sulfur-free rubber gloves. Assembly tools shall
be frequently cleaned to remove oil and other contamination.
No glue, lacquer, cement or other binder shall be used to

cement or hold bearing jewels in the assembly.

The following sections describe the nature of and procedures

for the Inspection of the 2L-Hour Watch Movement and its
accessories,

For purposes of production and Inspection control, a production
lot shall be defined as followss

Movement assemblies: Maximum of 100 movements
Accessoriess Maximum of 1000 units each

The Inspections of the 2L-Hour Watch Movement and its Accessories

shall consist of the following parts:
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A Contractor's Visual Inspection, performed by the Contractor,

of all assemblies and accessories prior to their submission
to the Inspector in a production lot.

A Contractor's Operating Inspection, performed by the

Contractor, on all assembled movements prior to their
submission to the Inspector in a producpion lot.

An Acceptance Inspection, performed by an Inspector or

Inspecting Agency designated by the Contracting Authority,
on all 24-Hour Watch Movements after their receipt from

the Contractor in a production lot.

During the Inspection periods required by this Specification,
the Contractor shall provide the services listed belows
Adequate tools, equipment, gages, and a storage and working
area for use by the Inspector in the performance of the
Acceptance Inspection required by this Specification,
Access by the Inspector to the Contractor's inspection
records and inspection area at all reasonable times during
the Inspection periods.

The Contractor's Visual Inspection shall include the followings

All movements for submission to a production lot shall be
inspected under good lighting conditions for the following:
There shall be no traces of corrosion, scale, chips and burrs,
dirt, lint or fingerprint marks visible under a 2-inch

loup (5x magnification).
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There shall be no over-lubrication of working parts, as
defined by good watchmaking practice. In particular,

there shall be no oil or other contamination visible on

the hairspring coils or in the hairspring regulator slot
under a 2-inch loup (5x magnification),

With the balance wheel turned to the banked position on
both sides, there shall be no clash of the contracted or
expanded hairspring coils,

The hairspring shall lie flat and true within the limits

of good watchmaking practice.

A1l screws and nuts,; with the exception of the balance

screw and plug, shall be fully tightened; none, including
the balance screw and plug, shall show any signe of having
been stripped.

The train wheels and escapement shall be upright to the front
and back plates, the balance screw and plug shall be perpen=-
dicular to their respective plates, and the pillars shall be
perpendicular to the front and back plates with the limits
of detection under a 2-inch loup (5x magnification),

Each 50th accessory item shall be selected from the stock
prepared for assembly and, under good lighting conditions,
shall be inspected for the following:

Proper size and configuration of components and proper
sequence of agsembly, -
Absence of deformation or deterioration.

Absence of any indication that the units have been mis-

handled or contaminated.
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8.5 The Contractor's Operating Inspection shall consist of

the followings
8.5.1 All movements for submission to a production lot; having

been passed by the Contractor's Visual Inspection, shall
be closely inspected for the following operating
characteristicss

8.5.1.1 The center friction clutch shall slip smoothly and
uniformly when a torque of fifty (50) to one hundred
(100) gram-centimeters is applied at an ambient test
temperature of 68 to 78 Deg. F.

8.5.1.2 With the mainspring wound three quarters (3/L) turn,
the movement on edge with balance wheel in the top
position, the movement shall start nine (9) times out of
ten (10) attempts at an ambient test temperature of 68
to 78 Deg. F.

8.5¢1.3 With the mainspring wound one (1) turn and the movement
as in Section 8,5,1.2, the movement shall start ten (10)
times out of ten (10) attempts,

8.5.1.4 The balance wheel motion shall equal or exceed the following
standards when the movement is run at an ambient test
temperature of 68 to 78 Deg. F. and the movement dial down:

Mainspring Wind Balance Wheel Motion

One (1) turn down Not less that 1% turns or more
than 1 3/ turns; no over-
hanging in any case,

After 24=hour run Not less than 3/L turn,
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8.5.1s5 The Movement shall be capable of being regulated to a
cumulative error of not more than three (3) minutes in
twenty-four (2L) hours when the movement is run in the
dial-down position at an ambient test temperature of
68 to 78 Deg. F.

8.5.1:6 The movement shall run continuously and smoothly for at
least thirty (30) hours without rewinding of the main~
spring, when the movement is in the dial-down position at
an ambient test temperature of 68 to 78 Deg. F.

8.5+.1,7 The mainspring click action shall allow at least five (5)
degrees backlash, and the click action shall be free-
moving when the mainspring tension has been removed,

8.6 The Acceptance Inspection shall consist of the followings

8.6.1 A1l movements for submission to the Inspector as a production
lot shall be prepared by the Contractor as follows:
8.6.1.1 The movements shall have been run continuously for at least
twenty-four (24) hours immediately prior to their submission
for the Acceptance Inspection.
8c6.1.2 The movements shall be running, although they may not be
fully wound, at the time of their submission for the
Acceptance Inspection.
Bebo2 The timing test for the Acceptance Inspection shall be as
followss
866.2.1 The movements in the production batch shall be fully wound
and run for twenty-four (24) hours in the dial-down position

at an ambient test temperature of 68 to 78 Deg. F,

Sanitized Copy Approved for Release 2011/08/22 : CIA-RDP78-03642A000800050001-7



Sanitized Copy Approved for Release 2011/08/22 : CIA-RDP78-03642A000800050001-7

Specification T210a
Page 15 1 June 1955

8.6.2.2 All movements so tested shall show a cumulative error or
not more than plus or minus three (3) minutes in twenty-
four (2L) hours, when referred to true time.

8.6.2.3 All movements shall continue running smoothly for at least
thirty (30) hours. This run, from the twenty-four (2i)
hour time to the thirty (30) hour maximum, may be made in
any position at an ambient test temperature of 68 to 78
Deg. F.

9, Acceptance and Rejection Standards

9.1 The Contractor's Visual Inspection shall be accepted by

the Inspector upon receipt from the Contractor of an
affidavit stating that the 2L-Hour Watch Movements and its
Accessories have been inspected in accordance with and meet
the requirements of Section 8.L of this Specification.

9.2 The Contractoris Operating Inspection shall be accepted by

the Inspector upon receipt from the Contractor of an
affidavit stating that the 24-Hour Watch Movements in the
production lot have been inspected in accordance with and
meet the requirements of Section 8.5 of this Specification,

963 The Acceptance Inspection

9.3.1 Acceptance of the production lot of 2L-Hour Watch Movements
shall be made by the Inspector if all movements in the lot
meet the requirements of Sectin 8.6 of this specification.

90302 Tentative rejection of the entire production lot shall be made
by the Inspector if no more than five (5) of the Movements

in the lot are rejected under Section 8.6 of this Specification,
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In the event of a tentative rejection of the production

lot, the Contractor may, at his own discretion, provide
substitute movements to take the place of those rejected.

The substitute movements shall be inspected and accepted

by the Inspector in accordance with Section 8.6 of this
Specification prior to their being incorporated into the
production lot.

Upon satisfactory substitution of movements under Section
9.3.2.1 of this Specification, the Inspector shall make
acceptance of the production lot.,

Rejection of the entire production lot shall be made by

the Inspector when six (6) or more of the movements in the

lot have been rejected under Section 8.6 of this Specification.
No tentative rejectior. ¢ the lot shall be allowed in this case.

Scrapping, Reworking, Salvage and Re=Submission to Inspection.

Individual 24-Hour Watch Movements rejected fram a production
lot and all of the movements rejected from a lot under
Section 9.3.3 of this Specification shall be returned

to the Contractor for his disposal,

The Contractor may, at his own discretion and expense,
completely re-inspect the movements so rejected from a
production lot under Section 9.3.3 of this Specification,

and then resubmit the acceptable movements for an Acceptance

Inspection in a new lot.
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Under this Specification; the Contractor shall be permitted,
at his own discretion and expense, to scrap, rework, readjust
or salvage any or all of the movements or their components
which have been rejected by the Inspector under Section 9.3
of this Specification.,

The 2l=-Hour Watch Movement and its accessories shall be unit-
and gross packaged, as outlined in the following sections,

to prevent damage and deterioration during handling, storage
and transit,

The Unit Packaging shall be as follows:

The Movement Unit Package shall be in general accordance with

the Movement Packaging Assembly and Details, Drawing Number
T210a~502, of this Specification.

The 2L-Hour Dial Unit Package shall consist of individual

paper envelopes for each dial,

The Winding Key and Chain shall not be unit packaged,

The Gross Packaging shall be as follows:

The Movement Gross Package shall consist of unit packages

packed for storage and transit in accordance with the best
standards of watchmakers' shipping practices.,

The 2L-Hour Dial Gross Package shall consist of unit package

envelopes stacked edgewise in lots of approximately two
hundred (200) within a suitable gross container made of at

least 1/8%" 200-pound test double faced corrugated fiberboard
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having a lL-flap closure. The umit packages shall be
cushioned and held within the gross package so that there
will be no rattle or shifting of the envelopes. The
gross package closure shall be sealed with either glue
or tape to prevent accidental opening during handling and
transit.

The Winding Stem and Chain Gross Package shall consist of

loose lots of approximately five hundred (500) units in a
suitable outer container. The units shall be cushioned within
the container to prevent rattling and shifting. The container
closure shall be sealed with either glue or tape to prevent
accidental opening during handling and transit.

The total number of units in each gross package shall be
plainly marked on the closure of each package. No other
marking or means of identification, other than that

approved by the Contracting Authority, shall be made on

the containers,
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MANUFACTURING, ASSEMBLY, INSFECTION AND FACKAGING SFECIFICATIONS

1. Purpose

2, Marking

2.1

201.1

201.2

3., Parts

3.1
3.2
3.3
3eky
3.5
3.6
3.7

FOR THE SPECIAL ADAFPTER

The purpose of this Specification is to insure that the Special
Adapter is properly manufactured, assembled, inspected and pack-
aged, and will operate in the desired manner.

No part of the Special Adapter or any of its components, packing

or packaging shall carry any trademarks, names, specification
numbers or other means of identification. The Contractor's
attention is directed to the fact that some of the specifications
cited herein may require certain symbols or markings on the materials,
The complete elimination of such markings is required by this
Specification, except as noted below:

The provisions of Section 2.0 of this Specification shall not apply
to the following:

Packaging labels and other special markings approved by the
Contracting Authority.

Color-code spots molded into the "O"~-ring seal material, Part No.
210e-407.

The Special Adapter shall consist of the following parts and

assemblies, as described in the below-listed drawings:

y Part Name Drawing Number
1l Striker Pin 210c~-401
1 Adapter Body 210c~402
1 Spring 210c-403
1 _ Re‘t ainer 210¢c~40L4
1 Snap Washer 210¢-405
1 Washer, large 210c-406
1 Seal, "O"-ring 210c¢c-407
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7.1

I[nspection
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1 Washer, small 210¢--408

Adapter Assembly 210e-101

All materials used in the manufacture and packaging of the
Special Adapter shall be in strict accordance with those re-
quired by the detail drawings listed in Section 3 and the
list of packaging materials in Section 10 of this Specification.
All finishes given and finishing methods used for parts and/or
assemblies of the Special Adapter shall be in strict accordance
with those required by the detail drawings listed in Section 3
of this Specification.
All dimensions of the components, assemblies, packing and pack-
aging of the Special Adapter shall be in strict accordance with
those required by the detailed drawings listed in Section 3 and

the description of packaging in Section 10 of this Specification.

The component parts of the Special Adapter shall be assembled in
strict accordance with the Adapter Assembly, Drawing Number 210c-
101 of this Specification; the packaging assembly shall be in
accordance with the packaging assembly methods described in
Section 10 of this Specification.

A1l metal components of the Special Adapter shall be thoroughly
cleaned prior to assembly with a liquid, non-corrosive solvent,
to remove all grease, dirt and loose chips,

The following Sections describe the nature of and procedures for

the Inspections of the Special Adapter.
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8.1 For purposes of production and Inspection control, a production
lot shall be one thousard (1000) assembled but unpackaged Special
Adapters,
8.2 The Inspecticns of the Special Adapter shall consist of the
following parts:

8.2,1 A Contractor's Inspection, performed by the Contractor after

the assembly of the Special Adapters but prior to their sub-
mission to the Inspector in a production lot.

8,2,.2 An Acceptance Inspection, performed by an Inspector or Inspecting

Agency designated by the Contracting Authority.
8.3 During the Inspection periods required by this Specification, the
Contractor shall provide the services listed belows
8.3.1 Adequate tools, equipment, gages and a storage and working area
for use by the Inspector in the performance of the Acseptancs
Inspection required by this Specification.
8.3.2 ' Access by the Inspector to the Contractor's inspection records

and inspection area at all reasonable times during the Inspection

periods,
8.4 The Inspection procedures shall be as followss
8.4.1 The Contractor's Inspection shall include the followings

8.4.1,1 Each assembled Special Adapter shall be visually inspected to
insure the absence of broken, burred or bent threads on the
Adapter Body. (Part No. 210c¢-402.)

8.4.1.,2 Each assembled Special Adapter shall be functionally inspected
by pushing the Striker Pin (Part No. 210c¢-40l) through its entire
travel and allowing it to return to its normal position under

the force of only the Spring (Part No. 210c-403), to insure
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the complete absence of binding and/or galling of the Striker
Pin within the Adapter Body.

The Acceptance Inspection shall include the following:

Beginning with any Special Adapter of his selection, the In-
spector shall cause each 20th assembled Special Adapter in the
production lot to be subjected to the inspections listed below:
Presence of components and proper sequence of their assembly, in
accordance with the Adapter Assembly, Drawing Number 210¢-101,
of this Specification,

Adequate preservation and finishing of components,

Proper dimensional tolerances and pitch of each Adapter Body
screw thread, as determined by suitable screw thread gages,
Absence of burrs, loose chips, heavy gouges or other malformations
in or on the Special Adapter,

Absence of binding and/or galling of the Striker Pin throughout

its entire travel within the Adapter Body.

. Acceptance and Rejection Standards

Page 4
8.4,2
8.4.2.1
8.4.2.2
8014'0203
8olo2oks
8oh4o2.5
80140206
Q
9.1
9.2
9.2.1

The Contractor'!s Inspection shall be accepted by the Inspector

upon receipt from the Contractor of an affidavit stating that the
Special Adapters in a production lot have been inspected in accord-
ance with and meet the requirements of Section 8.4.1 of this
Specification.

The Acceptance Inspection

Acceptance of the Special Adapters in a production lot shall be
made by the Inspector if no more than two (2) Special Adapters

in the lot have been rejected for any of the reasons listed in
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Section 8.4.2 of this Specification.
9.2.2 Rejection of the entire production lot shall be made by
the Inspector if three (3) or more Special Adapters in
the lot have been rejected for any of the reasons listed in

Section 8.4.2 of this Specification,

9.3 Scrapping, Reworking, Salvage and Re-Submission to Inspection
9.3.1 Individual Special Adapters rejected from a production lot, and

all of the Special Adapters in lots rejected by the Inspector
shall be returned to the Contractor for his disposal,

9.3.2 The Contractor may, at his own expense, completely re-inspect
a production lot rejected under Section 8.4.2 of this Specifica-
tion, and then resubmit the acceptable Special Adapters for an
Acceptance Inspection as a new production lot,

9.3.3 Under this Specification, the Contractor shall be permitted, at
his own discretion and expense, to scrap, rework or salvage any
or all of the Special Adapters or their components which have

been rejected by the Inspector under Section 8.4.2 of this

Specification.
9.4 Inspection and Disposition of Scrap
9.4.1 In the event that the Contractor elects to scrap Special Adapters

and/or their components under Section 9.3.3 of this Specification,
he shall render all components and assemblies so scrapped totally
unidentifiable by melting.

9ol4.2 The Contractor shall not dispose of such melted scrap until it
has been inspected by the Inspector and the latter's written

permission obtained for the disposal,
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10. Packaging The Special Adapter shall be sub- and gross-packaged, as out-
lined in the following sections, to prevent damage and deterior-
ation during handling, storage and transit.
10.1 Sub-Packaging of the Special Adapter, which is intended for
direct insertion into the ultimate package, shall be accomplished

as follows:

10.1.1 The Sub-Package materials shall be as follows:
10.1.1.1 Tube, paper, mailing PPP-T-495
10.1.1.2 Cushioning material, cellulosic UU-C-843
10.1.1.3 Tape, adhesive, pressure-sensitive JAN-P-127
10.1.2 The Sub-Package components shall consist of the following:

10.1.2.1 The tube, paper, mailing, shall be round, spiral-wound, size 7/8"
I.D. x 1-3/4" long, in accordance with Federal Specification
PPP-T-495.

10.1.2.2 The cushioning material, cellulosic, non-hygroscopic, medium-
density, may be in roll form, approximately 1/16" to 1/8" nominal
thickness, in accordance with Federal Specification UU-C-843,
Type III, Class B,

10.1.2.3 The tape, adhesive, pressure-sensitive, shall be size 1/2" x 3,
color black, in accordance with Specification JAN-P-127,

10.1.3 The Sub-Packaging method shall be as follows:

10.1.3.1 One (1) inspected Special Adapter shall be inserted with its
large end (1/2"-2L BSF threaded end) down into one (1) mailing
tube.

10,1.3.2 One (1) piece of adhesive tape shall be placed around the neck
of the mailing tube so that it adhered equally to the tube neck

and the hexagonal shoulder of the Speclial Adapter, holding the
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Specification T210c-1

1 June, 1955.
latter firmly in the tube,
The void remaining within the tube, under the Special Adapter,
shall then be tamped with cushioning material. The cushioning
material shall be tamped in place so that it will remain firmly
in position in the tube, preventing any downward movement of the
Special Adapter Striker Pin.

The Gross Packaging of the Special Adapter by the Contractor

represents only an interim stage, designed to provide adequate
protection against damage and deterioration during handling,
storage and transit., As it does not represent the final gross
packaging of the Special Adapter, the Contractor shall be required
to meet only the following general requirements as regards the
gross packaging of the Special Adapters.

The Special Adapters accepted by the Inspector shall be gross
packaged in lots of more than two hundred (200) nor less than
fifty (50) sub-packaged units.

The Special Adapters shall be gross packaged by stacking them on
end, with the open tube-end downward, in rows within the gross
container., Adequate protection of one layer from the next shall
be provided by separators of at least 1/8" double-faced corrugated
fiberboard.

The outer gross container shall be made of at least 1/8" thick

200 pound test double-faced corrugated fiberboard, and shall

have taped or stapled seams and a 4-flap top closure,

The final closure of the packages shall be made with tape, either

gummed paper or adhesive, at least 3" wide, placed completely
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over the top closure and any open seams,
10.2.5 The total number of units in each package shall be plainly
marked on the top closure. No other marking or means of
identification, other than that approved by the Contracting

Authority, shall be made on the container,
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MANUFACTURING, ASSEMBLY, INSFECTION AND PACKAGING SFPECIFICATIONS
FOR THE COCKING DEVICE

1. Purpose The purpose of this Specification is to insure that the Cocking
Device is properly manufactured, assembled, inspected and

packaged, and will operate in the desired manner,

2. Marking No part of the Cocking Device or any of its components, packing
or packaging shall carry any trademarks, names,; specification
numbers or other means of identification. The Contractor's
attention is directed to the fact that some of the specifications
cited herein may require certain symbols or markings on the
materials. The complete elimination of such markings is required
by this Specification; except as noted below,

2.1 The provisions of Section 2.0 of this Specification shall not apply to

packaging labels and other special markings approved by the

Contracting Authority.

3. Parts The Cocking Device shall consist of the following parts and assem-

blies;, as described in the below-listed drawings:

Qty Part Name Drawing Number
3.1 1l Plug 210c=409
3.2 1 Cap 210¢-410
3.3 1 Spindle 210c-411
3.4 1 Fin 210c~412
3.5 Cocking DeviceAssembly 210c=-102
4. Materials A1l materials used in the manufacture and packaging of the Cocking

Device shall be in strict accordance with those required by
the detail drawings listed in Section 3 and the list of packaging

materials in Section 10 of this specification.
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5. Finish A1l finishes given and finishing methods used for parts and/or

assemblies of the Cocking Device shall be in strict accordance
with those required by the detail drawings listed in Section 3

of this Specification,

6. Dimensions All dimensions of the components, assemblies,; packing and
packaging of the Cocking Device shall be in strict accordance
with those required by the detail drawings listed in Section 3 and

the description of packaging in Section 10 of this Specification.

7. Assembly

7.1 The component parts of the Cocking Device shall be assembled in
strict accordance with the requirements of the Cocking Device
Assembly, Drawing Number 210c¢-102, of this Specification; the
packaging assembly shall be in accordance with the packaging
assembly methods described in Section 10 of this Specification,

7.2 All metal components of the Cocking Device shall be thoroughly
cleaned, either prior to or after assembly, with a liquid, non-

corrosive solvent to remove all grease, dirt and loose chips.

8. Inspection The following sections describe the nature of and procedures
for the Inspection of the Cocking Device,
8.1 For purposes of production and Inspection control, a production
lot shall be one thousand (1000) assembled but unpackaged Cocking
Devices.
8.2 The Inspection of the Cocking Devices shall consist of a final
Acceptance Inspection, performed by an Inspector or Inspecting

Agency designated by the Contracting Authority.
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Specification T210c¢-2

1 June, 1955
During the Inspection periods required by this Specification,
the contractor shall provide the services listed belows
Adequate tools, equipment, gages, and a storage and working area
for use by the Inspector in the performance of the Acceptance
Inspection required by this Specification.
Access by the Inspector to the Contractor's inspection records,
if any, and the latter's inspection area at all reasonable times
during the Inspection periods.

The Acceptance Inspection procedure sha.l be as follows:

Beginning with any Cocking Device of his selection, the Inspector
shall cause each 50th assembled Cocking Device in the production
lot to be subjected to the inspections listed below:

Presence of components and proper sequence of their assembly, in
accordance with the Cocking Device Assembly, Drawing Number T210c-
102, of this Specification.

Adequate preservation and finishing of components,

Proper dimensional tolerance and pitch of the Plug (Part No,
T210c~409) screw threads, as determined by suitable screw thread gages.
Absence of burrs, loose chips, heavy gouges or other malformations
in or on the Cocking Device.

Freedom of movement of the Spindle (Part No. T210c-411) within the
Plug,

Absence of movement of the Cap (Part No. T210c-410) on the Spindle

under normal finger pressure,

9. Acceptance and Rejection Standards

9.1

Acceptance of the Cocking Devices in a production lot shall be
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Specification T210c¢-2

1 June, 1955
made by the Inspector if no more than one (1) of the Cocking
Devices in the lot has been rejected for any of the reasons
listed under Section 8.4 of this Specification.
Rejection of the entire production lot shall be made by the
Inspector if two (2) or more of the Cocking Devices in the
lot have been rejected for any of the reasons listed under
Section 8.4 of this Specification.
Individual Cocking Devices rejected from a production lot, and
all of the Cocking Devices in lots rejected by the Inspector
shall be returned to the Contractor for his disposal,
The Contractor may, at his own expense, completely re-inspect
a production lot rejected under Section 8.4 of this Specifica-
tion, and then re-submit the acceptable Cocking Devices for an
Acceptance Inspection as a new production lot.
Under this Specification, the Contractor shall be permitted,
at his own discretion and expense, to scrap, rework or salvage
any or all of the Cocking Devices or their components which have
been rejected by the Inspector under Section 8.4 of this Specifi-
cation.

Inspection and Disposition of Scrap

In the event that the Contractor elects to scrap Cocking Devices
and/or their components under Section 9.5 of this Specification,
he shall render all components and assemblies so scrapped totally
unidentifiable by melting.

The Contractor shall not dispose of such melted scrap until, it
has been inspected by the Inspector, and the latter’s written

permission obtained for the disposal,
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Specification T210c~-2
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As the packaging of the Cocking Devices by the Contractor
represents only an interim stage and is designed to provide
protection against deterioration and damage during storage and
transit, the Contractor shall be required to meet only the
following general requirements as regards the packaging of the
Cocking Device.
The Cocking Devices accepted by the Inspector shall be packaged
in lots of not more than five hundred (500) nor less than one
hundred (100) assembled units.
The Cocking Devices may be loose packaged, without cushioning
or buffer material around the individual units.
Each package shall be made of 200-pound test double~faced, corru-
gated fiberboard, at least 1/8" thick, having taped or stapled
seams and a 4-flap top closure,
Final closure of the packages shall be made with tape, either
gummed paper or adhesive, at least 3" wide, placed completely over
the top closure and any open seams,
The total number of units in each package shall be plainly marked
on the top closure. No other marking or means of identification,
other than that approved by the Contracting Authority, shall be

made on the container,
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MANUFACTURING, INSPECTION AND PACKAGING SPECIFICATIONS

FOR THE OBSCURING COMPOUND

1. Purpose

2. Marking
3. Parts

4, Materials

4.3

5. Finish

The purpose of this Specification is to insure
that the Obscuring Compound is properly
manufactured, inspected and packaged and
will perform in the desired manner.

No part of the Obscuring Compound packag-
ing or packing shall carry any trademarks,
names, specification numbers or other means
of identification. The Contractor's attention
is directed to the fact that some of the Spec-
ifications cited herein may require certain
symbols or markings on the materials. The
complete elimination of such markings is
required by this Specification.

The Obscuring Compound has no parts or
drawings.

The materials used in the manufacture and
packaging of the Obscuring Compound shall be
in strict accordance with those listed below
and in Section 10 of this Specification.

Adhesive: Cellulose acetate base cement,
similar to General Electric Co. "'Glyptal

No. 1276."

Pigment: Carbon black, dry, paint pigment
type, Spec. TT-C-120 (1) or lamp black, dry,
paint pigment type, Spec. TT-L-70.

Solvent: Ethyl acetate, Spec. O-A-51b.

Not applicable to this Specification.
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Dimensions

7. Mixing

8.

Inspection

. 1.

. 1.

. 1.

1

All dimensions of the packing and packaging
of the Obscuring Compound shall be in strict
accordance with those required in Section 10
of this Specification.

The materials listed above in Section 4 of
this Specification shall be mixed in the fol-
lowing manner:

Three (3) parts by volume of the adhesive

and three (3) parts by volume of the solvent
shall be blended until the mixture is uniformly
mixed and smooth in consistency.

One (1) part by volume of the pigment shall
then be blended into the adhesive-solvent
mixture. The pigment shall be thoroughly
dispersed in the mixture by mixing.

The following Sections describe the nature of
and procedures for the Inspection for each
batch of the Obscuring Compound. In general,
it should be stated that the Inspection is in-
tended to establish the general suitability of
the Compound for its intended use, rather
than to exercise strict acceptance or rejection
standards. With this viewpoint in mind, cor-
rective measures are suggested and allowed
by this Specification for use in bringing each
batch of the Compound to a generally accept-
able performance standard.

The Inspection of the Compound shall consist
of three (3) parts, namely:

Viscosity test: to insure that the viscosity of
the Compound is within generally acceptable
viscosity limits.

Drying test: to insure that the Compound will
tack and dry within a nominal time limit.

Opacity test: to insure that the Compound will
adequately limit observation and legibility of
printed matter.
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8.2 The Inspection Procedures shall be as follows:

8.2.1 The viscosity test shall be conducted at a room
temperature of between 70 F and 80 F; the
Obscuring Compound and test surfaces shall
haye been stabilized within these temperatures
for at'least 12 hours prior to the test. The test
shall consist of the following:

8.2.1.1 Approximately one half (1/2) fluid ounce of

the Obscuring Compound shall be applied from
a metallic collapsible tube to the surface of a
2-1/2" x 2-3/4" polished, optical grade acryl-
ic sheet (Plexiglas). The tube nozzle may be
used to smear the Compound over the entire
surface of the test sheet.

8.2.1.2 The test sheet shall be turned to a vertical
position immediately after the compound
coating has been applied.

8.2.2 The drying test shall be a direct continuation
of the viscosity test, and the test times shall
be measured from the time the test sheet is
turned to a vertical position. (No forced air
circulation shall be used to induce tacking or
drying.)

8.2.3 The opacity test shall be a direct continuation
of the previous tests, but may be conducted
at any time after the drying has been com-
pleted. A segment of printed text from any
newspaper shall be applied directly to the un-
coated side of the test sheet.

9. Acceptance and Rejection Standards

9.1 The viscosity test results shall be considered
acceptable when and if:

9.1.1 The Obscuring Compound covers the test
sheet without voids or non-wetted spots.

9.1.2 The Obscuring Compound does not flow from

the test sheet when the latter is turned to a
vertical position.
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9.2

9.2.1

9.2.2

9.3

9.3.1

9.4

9.4.1

9.4.2

9.4.3

9.4. 4

The drying test results shall be considered
acceptable when and if:

The Obscuring Compound tacks completely
after a time duration of five (5) minutes.

There are no liquid bubbles remaining in the
coating after twenty (20) minutes.

The opacity test results shall be considered
acceptable when and if:

The test shall be illegible when viewed through
the coating under direct face illumination of

a 100-watt incandescent or a 20-watt fluores-
cent bulb from a distance of two (2) feet.

Should a lot or batch of the Compound fail to
meet any of the above individual test require-
ments, the following corrective actions may
be employed to bring its performance within
acceptance limits for all tests.

Viscosity: the adhesive content may be altered
by any amount to achieve the required flow
properties.

Drying: the solvent content may be altered
by any amount to achieve the required drying
properties.

Opacity: the pigment content may be increased
to achieve the required obscuring density.

The pigment content shall not be decreased
below the limits established in Section 7. 2

of this Specification.

In the event that any lot or batch mixture is
altered from that cited in Section 7. 2 of this
Specification, it shall be re-inspected after
alteration to establish conformity of the new
mixture with the performance acceptance
standards cited in Section 8. 2.
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10.

Packing and Packaging

10.

10.

1

2

10.1.1

10.1.2

10.1.3

10. 2.1

10. 2.2

Unit Packaging

The Obscuring Compound shall be unit pack-
aged in standard commercial collapsible
tubes of size 1/2" OD x 2' long, having a
"break-off' nozzle. The tube material shall
be of a standard commercially available
lead-antimony alloy.

The tubes shall be filled half-full with the
Obscuring Compound.

The tubes shall then be collapsed to eliminate
air pockets and sealed. - A standard quadruple-
fold seal closure shall be used.

Gross Packaging of the Obscuring Compound
is intended to provide only nominal protection
for the filled tubes during their temporary
storage awaiting final packaging as a compo-
nent or a larger assembly.

In view of this temporary nature of this

gross packaging, the tubes shall be packaged
as follows:

Each gross package shall consist of the orig-
inal sectionalized box used to protect the
unfilled tubes.

Tubes shall be placed tip-downward in the
sections.
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LANUFACTUR
St

specification 210b
1 June 1953

ING, ASSEMBLY, AUJUSTMENT, INSPLCTTON AND PACKAGING
ECIFTCATIONS FOR THE 24-HOUR CLOCKWORK UELAY M. CHANISH

Purpose

sMarking

2.1

2.1.1

4%

2.1,¢

Parts

The purpose of this Specification is to insure that the
24-Hour Clockwork delsy ilechanism is properly manufactured,
assembled, adjusted, inspected and packaged, and will
operate in the desired manner,

No part of the Mechanism or its components, packing or
packaging shall carry any trademarks, names, specification
pumbers or other means of identification., The Contractor's
attention is directed to the fact that some of the speci-
fications cited herein require the use of certain markings
and symbols on the materials, The complele elimination

of such markings is required by this Specification, except
as noted below:

The provisions of “ection 2,0 of this specification shall
not ap.ly to the following:

rackaging labels and other special markinygs suthorized by
the Contracting Authority.

Color code marks molded into the O-ring seal waterial for
the Cap Gasket, Dwg, 210b-436

The iechanism shall consist of the following parts and assem-

blies, as described in tie below listed drawings:

Part Name and Uescription Drawing Number
Start-Stop Herew Assembly 210b-201
Sha ft 210b-401
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3., Parts cont,......c00

Fart Name and Description urawing Number
3.3 Snap washer 210b-402
3.4 facking 210b-403
3.5 Washer 210b-404
3.6 Adapter 210b-405
3.7 Packing Nut 210b-406
3.8 Knob 210b-407
3.9 washer, Stop 210b_449
3.10 Rivet 210b-408
3e11 Sear 210b-409
3.12 Latch issembly 210b-301
3.13 Latch-Half 210b-410
3.14 Safety Assembly 210b-203
3.18 Knob 210b=-411
3.16 Packing Nut 210b.412
3.17 Washer 210b-413
3.18 facking 210b-414
3.19 \dapter 210b-415
3.20 Pin 210b=-416
3.21 Case 210b=417
3.22 Kear Cover Plate 210b-418
3,23 Gasket, Rear Cover Plate 210b-419
3.24 Front Cover Plate 210b-420
3.25 Gasket, Front Cover Plate 210b=421
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a3
.

k’:arts cOnt.'..C.'...

Part Name and Description Urawing Number
3,26 Clamping Frame 210b:422
3.27 Pivot Screw 210b-425
3.28 Stop Pin 210b-426
3.29 washer, Latch Fin 210b-431
3.30 Latch Pin 210b-432
3.31 Roller, Latch Pin 210b-433
3.32 Retainer 210b-434
3.33 Cap 210b-435
3.234 Gasket, Cap 210b-436
3.35 £in 210b-437
3.36 Wire Lug 210b.438
3.37 Plug 210b-439
3.38 Gasket, Plug 210h-440
3,39 Stop Spring ssembly 219b_204
3.40 Stop Spring 210b-441
3.41 Holder, Stop Spring 210b-442
3,42 Rivet, Stop Spring 210b-443
3.43 Screw, Stop Spring 210b=-444
2,44 Tension Spring 210b-445
3,45 Latch S5top 210b-446
3.46 Pin 210b-448

Serew No, 4-40 x 3/8" Lg. K, H, sach, (Steel)
Screw No, 4-40 x 1/2" Lg. K. H, Mach, (Steel) (Phillips)
Serew No. 2-56 x 3/16" Ly. K, H. sach, (Steel)
Serew No. 1-72 x 1/2" Lg. K. H, Mach, (Brass)
Orive Screw Parker-kalon Type U No. 00 x 1/8" Lg. (Steel)
washer, Lock, Flat, Internal Tooth No, 4 size
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3,48
3.49
3.50

4, Materials

5. Finish

6, ULimensions

8.1

€. 1,1

vpecification 210b
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1 June 1955
Part hame and vescripiicn Lrawing humber
bial Z4-iiour 2108-466
Final ovement Assembly 210a-101
Winding Key Assembly 210a=-214
fain Packaging Assembly 210b=501

All materials used in the manufacture and packaging of the
smechanism shall be in strict accordance with those required

by the detail drawings listed in Section 3 and the list of
packaging materials in Section 10 of this Specification,

All finishes yiven aud finishing methous used for parts and/or
assemblies of the sechanism shall be in strict accordance

with those required by the detail drawings listed in Section 3

of tils Specification,

All dimensions of components, packing and packaging shall

be in strict ac ordance with those required by the detail
drawings listed in “ection 3 and the description of packaging
in Section 10 of this Specification, except as noted below:

In the event that the watch movement used in the Mechanism

is different from that used in the original production, for
which this Specification is written, the dimensions controlling
tie mounting and alignment of the movement and its associated
accessories shall be altcred to provide for iheir satisfactory

placement within the Lechanism case,
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7. Assembly
1.1 The component parts and sub-assemblies of the vechanism
shall be assembled in strict accordance wiilh the Final
Assembly, Lrawing 210b-101 of this Specification. The
packaging assembly shall be in strict accoruance with
the description of packaging in >ection 10 and the Final

Facka,ing, Orawing 210b-501, of this Specification,

[ 3]

In sddition to the (eneral rcquirements listed sbove, the

(ontractor shall take sll necessary steps to insure that

the following procedures are accomplished during the assembly

of the Kechanism:

T.2.1 All component psrts and sub-assemblies of the mechanism shall
be entirely free from chips, burrs, dirt, lint and other
sources of potentially loose material prior to their
assembly into the Yechanism, In keeping with this requirement,
the Contractor shall keep the watch movementis in their
iniividual unit jpackages as long as possible before their
assembly into the Zechanism,

7.2.2 The mechaniswm Case, irawing 210b-417, shall be completely

Geyressea ana all chips amd burrs shall be removec from

cuvities anu tapped holes prioxr to painting. The use of

vapor deyreasing as a sole method of cleaning is prohibited;
the use of & liguid solvent and a method of agitation is

required by this upecification,
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7. Assembly cont.........s

T.2.3 All gasket faces and screw threads shall be free of all
grease aad oil, paint, or other materials aftexr painting
and before assembly, except where a grease lubricant is
required by the detail drawings listed in Sectiond of this
Specification,

7.2.4 The thread sealing compound used to seal threaded joints
in the mechanism assembly shall not be applied in exces-
sive quantities, All excessive runs of sealing compound
shall be wiped clean immediately after the joints have been
fully taken up in the assembly process,

7.3 In addition to the precautions cited above, the Contractor
shall insure that the following adjustments are made to each
iwechanism at appropriate times during the assembly process,
In yeneral, the Contractor shall take all necessary steps
to insure that during the assembly process the watch movements
are given the maximum protection against dirt, lint, high
humidity, contamination by perspiration fingerprints and
damage from physical shock,

7.3.1 The Tripping Lever torsion springs shall be aajusted to
deliver at least seven (7) grams force at the point at which
the Tripping Lever rides on the Hour Disc. This aadjustment
shall be accomplished prior to the installation of the watch

movements into the Kechanism Cases,
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7. Assembly cont, .. u0cees
74342 The firing linkages shall be adjusted to insure that the

f.atch assembly is eniirely free from binding and will fall
into place under its own weight when the Case is held vertie
cally, This operation mayvy be accorplished vrior to the
installsation of the watch movements into the Mechanism Cases,

7.3.3 The positive starter actions shall be adjusted to insure
ihat the start-and-stop action is correct and will both
start and stop the watch movement balance wheel in a positive
manner,

7.3.4 The watch movement .inute Hands and Hour Disc Indexes
shall both be adjusted to align with the "FIKE" index mark
at the time that tne Tripping Lever falls through the siot
in the Hour visc and causes release of the firing linkaqe,

7,3.5 after the above adjusiments have been made, each hiechanism
shall be cocked, a delay of 23 Hr - 45 Min set, the watch
movements fully wound and the Mechanisms run for at least
one (1) full delay cycle to the firing point, ‘rach watch
movement shall be so requlated as to yield a maximum cumu-
lative running error, in the face-down position, of zero (0)
winutes FadT to two (2) minutes SLOW in twenty four (24)
hours, In this adjustment, the use of an electronic beate
rate timer has been found helpful, In the use of such a
timer, it has been found satisfactory to requlate the movement,
in the face-down position, after a four (4) to six (6) hour

run from a fully wounc start, so that the instantaneous
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Specification 21Cb
Face 8 1 June 1945
7. :ssemhbly comt,iiiuusnas
7.3.3 contii...enens
heat rate at that time indicated a zero (0) to minus
(slow) thirty (-30) second error., With this regulztion
it h2s been found that the cumulative error of & normal
watch movement over s twenty-four (24) hour period is
usually within the limits specified, It should be noted
however, that this opecification requires that each move=
ment be timed by the zctual observation of a3 full twenty-
four (24) hour run, and the use of the electronic heat-timer
alone is not satisfactory,
8. Inspectjion The following Sections descrihe the nature and procedures
for the inspections of the Mechanism,
R, 1 For purposes of production and inspection control, a pro-
duction lot shall be one hundred (100) assembled and adjusted

Mechanisms, as taken sequentially from the production line,

8,2 Inspection of the Mechanisms shall consist of the following
parts:
8.2,1 A Contractor's Inspection, performed by the Contractor, after

assembly and adjustment of the Mechanisms in a ;roduction lot,
but prior tn their submission to the Inspector for \cceptance
Inspection,

8,2.2 An Acceptance Inspection, performed by the Inspector or

Inspector Agency designated by the Contracting Authority,
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I June 1905

8., Irscoction cont,.........

8.2,3

8.3

£,3.1

£.3.2

A Pre=-rackaging Inspection, performed by the Insoector or

Inspectior .\qency, after preparation of the accepted
vechanisms by the Contractor for final packaging,

Luring the Inspection periods required by this Specification,
the Centractor shall provide the following services:

wdeguate tools, equioment, gages, and a storaye zal working
area for use by the Inspector in the performance of the
iccentance Tnspection and Fre-Packaging Inspection reguired
bv this Specification,

iecess by the Inspector to the Contractor’s inspection records
#nd inspection area at 23ll recasonable times durin; the
Trspection periods reauired by this Specification,

The Inspection Procedures shall consist of the following:

The Contractor's Inspection shall include the following:

EFach Yechanism shall be run through three (3) full .ielay
cycles, Fach ¥echanism shall be cocked, a delay of 23 hr -
4% win set, the watch movement fully wound, and the Mechanism
started and run in the face-down position, The cunulative
running error, in minutes, as referred o a stawinrd,
elternatingecurrent electric clock, shall be observed and
recorded after a running time of between twenty-three (23)
and twenty-four {24} hours has elapsed, The cumulative error
of any single rur shall not exceed the range of zero (0)

minutes FAST and two (2) minutes SLOW for any iechanism,
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Specification 210b
1 Jane 1458

€. Inspection cont...ceeeees

8.4,1,2

8040103

Lach <echanism shall be run through three (3) tripsing time
tests Lo Jetermine iie error, in minutes, of tiie actual

firing of the firing linkage, Each mechanism shall be cocked,

a short delay set, an! run in the edge-up position, The
tripping error, in minutes, shall be observed and recorded,

This error shall not exceed plus or minus two and one half

(2%) minutes from the "FIRE" index in any run for any

Mechanism, uvuring this test, the freedom ot the firing

linkage and the Striker shall be noted, There shsll be no
tendency of the firing linkage or the bfriker to bind or
hang-tire after the firing point has been reacnec, -t

the completion of this test, the otriker and Striker Spring
shall ove removed and the striker bore shall be brushed

ciean of all chips aud burrs dislodged during the test firings,
tach Mecchanism shall be subjected to an underwater leakage

test, (he Mechanism cases shall be chaurged witn chirty {30)
lbs/sq. in. ;age of vile-pumped nitrogen gas by means of a
gasketed filler tube screwed into the Striker case hold
threacs, The Cases shall be submerged in ac leasi six (o)
inches of clean, oil-free water and ali. leaks, «s evidenced

by repetitive gas builes, shall be sealed by means of

tightening the jaskei retainer screws, .fter tiybtening of

the gssket retaincr screws, there shall be no evidence of leakage
during a three (2) minute submersion period. The tightening of a
joint sealed with sealing compound is prohipited; all such leaks
shall be sealed by the removal, reapplication of sealer to, and
the replacement of the leaking component, followed by a re-lest

for leakage,
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3.4.1.,4 . fter ¢orsletica »{ L2 tests oullined above, e¢ochk " ochanism

assel o8 asceptable shall be prenared for the Acceontance

=
L 5]

> 2etion as follows:

f

Fach stechanisy shall again be run for a » rici of st least

e
.t

trentv-lour (24) heurs in the face-down ~nsitiun, The

firing linke. e n-ed 2ot be cocked for this run-in period,
LY Timredictely after the runein oeriod requiret :'ove, each

sechanism shell he cocked, ¢ delay of 23 iy « 45 :iin

tet, the uwsick nevement fully wound, the mcvement stopped,

crd the Mechanisms presented as a praductinre lot to the

Inspector,

€.4,2 e aceer tance Tasnechior shull inslude the Tnllewing:

8.4.2,1 inwediqtely o oop voceipt of the Zechanisms fro; the Coniractor,

!

the Tnsrector shall satisfy himself thnt eack ‘el setting is
carrectly made oy oo gervind of 23 Hr - 45 tin, bte shall

ther cance facy meichanism Lo he started, making suitable

vire allowances in the recorded starting time of ccch
arehaniss for the sxaet time of sterting, are tn Le rup in

Vie facewdows vosition,  The cwmulstive errvor, ir minntes,
vefarren o true gurrected time, shall he noted nni recorded
{or each “ecnanism after o running period of betuern twentye
three (23) and Luenic=Tenr (24) hours has eiapsed, The
curulazive ervay tov any <echanism shall not oxceer the

ronge of zere () winutes FAST and twe (2} =minutes HLOW,
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0,4,2,2 The trincinn error for erch kechanism shal! be noted and
racordei, The trip ing errer shall not exces? vy ur
rincs txo ann onenhaly (24) wminntes from the "FTRE™ index
for »av Waechgnism,

8.4,2,3 The froadom ¢ ths firin~ linkage and Striker h»1! be
n>ted, ‘There shall he nn tendency of the fiving Yinkaoe
er “triker to bino or hong-fire after the firinn  oint has
beer r=gched,

8.4.2.4 Utarting with anv kecharism of his selection, the Taspector
shall civse eger *iftk (Sth) sechanism in the proluctien lot
Lo be insrtected to determine the proper dimersinnzl toler-
ivees of tae htriker cuce hold threads, - suitahle,
certifie¢ "GeeMe Go” cerew gage shall be vsed far this
purpose, There skall e no interference, excessive clearance
¢r hiraing caused hy improver screw pitch ir any instance,

8.4.2,5 "te rzme secnanisms teeted under Section 8.4.2.4 of this
Soecification shall ne subjected by the Tnsoestar to an
wderweser leakage %25t 25 ontlined in section 8,4.1.7 of
tris specifiecation, There shall he no leakare, 3¢ india
csted by resetitive gas huhbles, from any instonce
during an imeersion of tnree (3) minutes,

8,4.2.6 Tae I[ns:-ctor shati ther visually insnect each -echanism

recainiag 28 sntisfaecory in ine aroduction lot for the

followimg,
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Specification 210b
1 June 1955

8, Inspection cont...ceecene

8.4.2.6 cont........-.

a) Presence and preservation of all exterior components,

b)

c)

d)

e)

including all seals and closures,

Absence of exterior paint blisters, peeling and chipping,
Absence of heavy scratches, gouges or other exterior
deformations,

<bsence of any visible chips or burrs through the
window,

Absence of paint smudges or runs on and around the

stamped, paint-filled lettering on the Mechanism back,

8.4,3 The Pre-Packaging Inspection shall consist of the following:

8.4,3.1 Immediately upon completion of the Acceptance Inspection,

the Contractor shall prepare all Mechanisms in the production

lot which were accepted by the Inspector, as follows:

a)

b)

c)

d)

The movement mainsyring shall be wound to a .roxim:.tely
one-half (%) of its fullewind travel,

The firing linkage shall 'e cocked and a delay of 1 Hr -
15 Min set,

The positive starter shall be run to the full "STOP"
position,

The back plate Cap and the Shipping Plug shall be

fully eeated to the torque requirements in the Final

Assembly, irawing 210b-101 of this Specification,
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specification 210b
1 June 1955

8. Inspection cont,.eececoes

8.4,3.2

Upon completion of these preparations by the Contractor,
the Inspector shall visually inspect each Nechanism remaining
in the production lot to insure that the proper delay is set,

the firing linkage is cocked and the watch movement is stopped,

9, Acceptance and Rejection Standards

9.1

9.2.2

9.2.2,1

9,2.2,2

9.2.2.3

9.2.2.4

9.2.2.5

9.2,2,6

9.2,2.7

The Contractor's Inspection shall be accepted by the Inspector

upon receipt from the Contractor of an affidavit stating
that each Mechanism in the production lot has been adjusted
and inspected, in accordance with and meets the requirements
of, Section 7 and Section 8.4.1 of this Specification,

The Acceptance Inspection

The Acceptance of the production lot shall be made by the
Inspector if all ilechanisms in the lot meet the requirements
of Section 8.4.2 of this Specification,

The Inspector shall be governed by the following rejection
table in the event that any Mechanism is rejected under

the provisions of Section 8.4.2 of this Specification:

Failures Reject if Failures
Failure Allowed Exceeded
Leakage in underwster test
during 3 minutes immersion 0 Lot
Failure in gaging of case
hold threads 0 Lot
Cumulative running error in ex-
cess of allowable range 0 Unit
Tripping error in excess of
allowable range 0 Unit
Firing linkage and/or Striker
bind or hang-fire 0 Unit
Chips, burrs, etc. visible
through window 0 Unit
All other causes in Section
8.4.2.6 2 Lot
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Page 15

Specification 210b
1 June 1955

Y, Acceptance and Rejection Standurds cont, . ivnaans

9.2.3

In the event that a production lot is reduced in number

to less tian its original one hundred (100) dlechanisms,
there shall be no atiempt made to repiace the deficit

with .echanisms from another lot, The Production Lot

shall be prepared for packaging with whatever number of
mechanisms have been accepted by the Acceptance Inspection,

ine Pre-Packayling Inspection

Acceptance of the sechanisms in the pre-packaging inspection
shall be made by the Contractor when all iechanisms have

met the requirements of Section 8,4,3 of this Specification,
No rejection of the iot or of individual mechanisms shall

be made; the Coniractor shall make corrections, as directed

by the Inspector, st the time of the Pre-Packaging Inspection,

10, Packing and Packaging

10,1

10.1.1

10.1,2

10.1.3

10.1.4

10,1.5

10,1.6

10.1.7

Drawing or
Unit Package Compousents Specification Number
Clockwork hechanism, assembly Spec 210b

Dwg 210b-101

Adapter, special, unit package Spec 210¢-101

Dwg 210c-101
Cocking device Spec 210ca2

bwg 210¢c=102
Detonator, #i=34 Spec 50-0-1C/A3
Primer, std, coupling base, with Spec JAN-B-268 or

plastic cap Fed QQ-2-363, or

U.S. Army 57-93.2
Wire, Coil Dwg., 210b-501
Can, tear strip, metal uwg, 210b-501

Sanitized Copy Approved for Release 2011/08/22 : CIA-RDP78-03642A000800050001-7



Sanitized Copy Approved for Release 2011/08/22 : CIA-RDP78-03642A000800050001-7

Specification 210b

Page 16 1 June 1955
10, Packing end Packaging cent,.........
10.1.,8 Tube, collapsible, containing
obscuring compound Spec 210¢-3

10.1.9 Tube, mailing, for Detonator M-34 Spec PPP-T-495

10,1,10 Tube, mailing, for cocking device Spec PPP-T-495

10.1,11 bLisc, cushioning bwg, 210b-501

10,1,12 Liner, cushioning Dwg, 210b-501

Spec WIL-C-11791

10,1,13 Material, cushioning Spec UU-C-843

10,1,14 Tape, adhesive Spec JAN-P-127

10,2 Description of Unit Package Components

10,2,1 The Clockwork Assembly shall be as shown in the Final
#ssembly, Lrawing 210b-101, of this Specification,

10.2.2 The idapter, Special, shall be as shown in the assembly,
Urawing 210¢-101, and shall be unit-packaged as required
by Specification 210c-1,

10.2,3 The Cocking Device shall be as shown in the Assembly,
Drawing 210¢-102,

10.2.4 The Uetonator, %-34, shall be provided by the Contracting
Authority, in accordance with Spec 30-0-1C/A3, U S Army
Drawing 73-2-330,

10,2.5 The Primer, standard coupling base, with plastic cap, shall

be as supplied by the Contracting Authority and in accor-
dance with Specification JAN-B=268, 1)=2-363 or U 5 Army

57-93-2,
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Specification 210b
1 June 1955

10, Packing and Packaging contececececee

10,2,6

10.2,7

10.2,8

10.2,9

10,2.10

10,2,11

10.2,12

The wire, coil, shali Le made up of fully annealed, soft
iron wire, single strand, of approximately 0.025" diareter

x 10° long, having either a patented, blued or black oxide
and oiled finish, The strand shall be wound inte a coil of
approximately 1-3/4" I, D, and both ends shall be crimped

to prevent unwinding,

the can, metal, tear-strip shall be in yeneral accordance
with Specification #IL-C~1243, Type 3, and in strict
accordance with Drawing 210b<501,

The tube, collapsible, with obscuring compound, shall be in
accordance with Specification T210c-3,

The tube, mailing, for detonator ji-34, shall be of paper,
spiral wound, size 5/8", I[,U. x 2 1/4" long, in accordance
with Specification PPP-T-495,

The tube, mailing, for both cocking device and coupling-
base primer, shali he of paper, spiral wound, size 5/8" 1. D,
x 2 1/4" long, in accordance with Specification PPP-T-495,
The dise, cushioning, shail be made of double faced currugated
fiberboard, type WSC or wbc, size 3 31/32" D x 1/8" thick,
The liner, cushioning, shall be of single-~face corrugated
fiberboard, size 2 1/4" x 25", the corrugations parallel

to the 2 1/4" dimension, in accordance with dpec MIL-C-11T91,

type 3b,

Sanitized Copy Approved for Release 2011/08/22 : CIA-RDP78-03642A000800050001-7



Sanitized Copy Approved for Release 2011/08/22 : CIA-RDP78-03642A000800050001-7

Specification 210b
Page 18 1 June 1955

10, Packing and Packaging cont,.........
10,2,13 The cushioning material shall be cellulosic, non-hygro-

scopic medium density, in accordance with Specification
UU-C-843, Type I1I, Class B, and may be supplied in roll
or flat form,

10,2.14 The tape, adhesive, pressure sensitive, shall be of sizes

1/2" and 1/4" width, and in accordance with Specification

JAN-P-127,
10.3 Method of Sub-lackaging
10.3.1 The Detonator Sub-Package shall be as follows:
10,3.1,1 One (1) Detonator, K-34, shall be inserted into one (1)

mailing tube, detonator (10.2.9) and centered therein,

10.3.1.2 Each end of the Detonator shall be cushioned with
cushioning material (10,2,13) sufficiently tamped to
hold it firmly in place within the tube,

10.3.1.3 Each end of the tube shall then be taped to hold the
contents firmly in place., Two (2) strips of tape,
size 1/4" x 2", shall be placed at right angles over
each end and pressed firmly onto the tube,

10,3.2 The Special Adapter Sub-Package shall be in accordance

with Specification 210c¢-l,

10.3.3 The Cocking Uevice Sub-Package shall be as follows:

10.3.3.1 One (1) Cocking Device (10.2,3) shall be placed into one (1)
mailing tube (10,2,10), cap end out, and pressed firmly into
place s0 that the cocking device cap is flush with the end

of the tnbE.
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Specification 210b
1 June 1955

10, Packing and Packaging cont,.........

10.3.3.2

10,3.3.3

10,3.3.4

10,3.3.5

10,3.3.6
10,4

10,4.1

10.4.1.1

Two (2) strips of tape, size 1/4" x 2", shall be placed
at right angles over the end and pressed firmly onto

the tube,

Cushioning material shall then be tarpsd firmly into

the open end of the tube in sufficient amount to completely
cover and cushion the cocking device spindle within the
tube,

One (1) Primer, standard coupling base, shall then be
inserted into the tube, primer end out, and pushed

firmly into place sc that the primer end is approximately
1/8" or more within the tube,

Cushioning material shall then be tamped firmly into

the oen tube end in sufficient amount to corpletely
cover and cushion the Primer to a dapth of at least 1/8",
The open end shall then be taped a&s in Section 10,3.3.2,

Clockwork dechanism Preparations

With the Clockwork Mechanism prepared as per vection 8.4.3
of this Specification, it shall then be evacuated and
gasefilled as follows:

The back plate cap shall be loosened until it is held

in place by a single thread,
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Specification 210b
1 June 1955

10, tacking and Packoging €ofbleeeceososs

10,5

10,

10.4.1.2

10.4,1.3

10.4.1.4

5.1

Ine wechanism siall then be placed, face-up, in & bell-
Jar or other evacuaziion chamber, and tihe chamber evacuated
to a vecuum of at least twenty-four (24) inches of mercury,
When this pressure has been reached, the Mechanism shall
be allowed to remein for at least ope (1) minute before
gas purging is begun,

after remaining at the prescribed pressure for one (1)
minute, the vacuum pumping line shall Le closed and oil-
pumped nitrogev . as, commercial grade, shkall be allowed

to fill the chuiver, A regulatec rate of nitrougen pressure
within the chamber shall be established so that it shall
require approximately two (<) minutes to riach simospheric
pressure,

The Mechanism cuse shall then be removed from the beli-jar
and closed and seaied with the back plate cap,

Unit Package Assembly

The individual unit package corrugated wrappers and
cushioning shail be dried by heating for at least thirty
(30) minutes at 220°F in & well-vented oven,

The sub- and unii-package components shall then be assembled
in the unit-package can in accordance with Drawing 210B-501
of this Speciiication, The dried corrugated wrappers and
cuskioning shali be exposed to ambient conditions for as

little time as possible during this operation,
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Page 21 1 June 1955
10, __acking and Packsging €ONt.ecesesesns
10,5.3 The unit package can shall then be double-seam sealed

as soon after assembly as possible, in order that

moisture re-absorption may be held to a minimum,

10,6 Gross Packaging
10,6.1 No gross package has been prescribed for this bevice,
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Arthur D, Little Inc.

Anderson, H. M. Project Engineer
Knight, H. F., Jr. Project Engineer
Kreidl, Dr. E. L. Group Leader
Lothrop, Dr. W. C. Division Head
Stowe, J. P. Project Leader

Leeds & Northrup Company

Wilson, Dr. B. J. Consultant
Murray, G. E. R. Consultant
Peters, J. C. Consultant
Perley, G. A. Consultant

New Haven Clock & Watch Company

Denegre, Louis Chief Engineer
Field, J. E., Jr. Contracting Officer
Marches, Charles Asst. Chief Engineer

Thomaston Special Tool Company

DeBisschop, Frank Co-owner
Richtmyer, W. C. Co-owner

Canadian Radium & Uranium Corp.

Gorlin, Boris Chief Engineer
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ADL INTERIM REFORT NQ, 1 - INVESTIGATION OF
LUBRICANT PERFORMANCE AT LOW TEMPERATURES
IN THE 24-HOUR CLOCKWORK DELAY MECHANIEM"

August 10, 1954
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INTERIM REPORT NO 1

INVESTIGATION OF LUBRICANT PERFORMANCE
AT LOW TEMPERATURES IN THE

24-HOUR CLOCKWORK DELAY MECHANISM

C-88214-AB

QK~18-520-AB

ARTHUR D, LITTLE, INC,

August 10, 1054
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INTRODUCTION

The decision of whether or not to lubricate a watch mnovement and, if
lubricated, the choice of the lubricant to be used, are factors which can mate-
rially effect both the storage life and operating limitations of the entire mech-
anism sssembly. In view of the fact that s0 much depends on the selection
made, it was decided early in the program to investigate and weigh both the
advantages and disadvantages of bare and lubricated movements in order to
determine which course should be taken for the 24-Hour Clockwork Delay
Mechanism.

While the use of unlubricated watch movements has been successful under
limited conditions to attain good low temperature performance, the fact remains
that very little is known about the storage life of such movements. None of the
Armed Forces recommends that an unlubricated movement be stored except
for very short periods; the same limitation is observed by commercial watch
manufacturers. This recommendation is apparently the result of the fear that
unlubricated pivots and bearings cannot withstand the tendency to 'freesze’
when left standing under relatively heavy bearing loads for long periods of
time. Although the initial timing tests conducted on the so-called ‘dollar"”
movement showed that the unlubricated movements were capable of perform-
ance equal or superior to that of lubricated movements, the mutual arbitrary
decision was made to eliminate further consideration of the former for reasons
of storage life.

Based on the results of this initial test program and the recommendations
of both the Armed Forces and Armour Research Institute, all but two (2) liquid
and one (1) solid lubricant were eliminated. An attempt was made to svaluate
a molybdenum disulfide-in-solvent lubricant; this, however, was not success-
ful in this case for lack of a satisfactory method of introducing the material
into the movement in small, uniform quantities required for this application.

The remaining lubricants, Frankford Arsenal #434 fuse oil and Consol-
idated Vacuum Corporation 'Convalube A were subjected to both a comparison
of published characteristics data and a series of low-temperature operational
tests in the 24-Hour Clockwork Delay Mechanism. There was little difference
to be found between these oils as regards their published specifications and
characteristics data except in the case of their temperature~viscosity curves;
Frankford Arsenal oil showed a considerably lower viscosity index.

Since the only apparent difference between the characteristics of theae

oils was that of viscosity, it was mutually decided between the Client and
Arthur D. Little, Inc., that a satisfactory comparison could be made on the
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basis of low-temperature performance in the 24-Hour Clockwork Delay move-
ment, and that the selection of the oil to be used in the production of these
movements could be based on the results of this test.

CONCLUSIONS

As the result of experience gained during the preparation of movements
for the low-temperature test program and the data gathered from that same
program, the following conclusions have been drawn.

1) 'Convalube A' ofl and Frankford Arsenal #4354 fuse oil are both satisfactory
lubricants for the 24-Hour Clockwork Delay movement at room temperature,
although the FA #434 oil is somewhat more difficult to properly introduce into
the movement and requires more careful timing of the movement after lubri-
cation.

2) 'Convalube A' oil yields satisfactory resulis in this particular application
at temperatures down to ~45 C (-45 F).

3) FA #434 oil will not yield satisfactory results in this particular application
at -45 C or below.

4) For reasons unknown at present, continuous low-temperature operation of
the mechanisms, with the naturally increasing amounts of condensed moisture
within the case, tends to cause more failures of movements lubricated with
FA #434 than with ‘'Convalube A’ oil.

5) There is a definite indication of cumulative tendency toward failure of all

movements which, regardless of the lubricant used, are subjected to contie-
uous low-temperature operating conditions.

RECOMMENDATIONS

Based on the conclusions drawn in the above paragraph, the adoption of
the following actions is recommended:

1) That 'Convalube A" be selected as the primary lubricant for the 24-Hour
Clockwork Delay Mechanism movement.
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2) That when the movements are lubricated as in (1) above, the minimum
operating limit be set at <45 F.

3) That the Mechanism cases be carefully purged of air and an atmosphere

of dry, oil-pumped nitrogen gas be introduced and sealed into the case imme-
diately prior to packaging, to reduce both the amount of free moisture avail-
able to form frost at low temperatures and the amount of free oxygen available
to cause oil deterioration during storage.

DESCRIPTION OF TESTS

The low-temperature test battery was divided into two (2) parts, herein
called the First and Second Battery respectively. These test batteries were
run at different times, under the conditions outlined below:

1) First Test Battery

a) Group A: Seven (7) mechanismas, selected at random from a group
of 80, were thoroughly cleaned and rinsed inthe L & R
instrument washing machine, and then were relubricated
with "'Convalube A," Lot No. 111, a sample from Con-
solidated Vacuum Corporation. These mechanisms were
then run for approximately 24 hours, rewound fully and,
after an additional five (8) hours' running time, timed to
an instantaneous zero beat rate error with the Watch-
master timing instrument.

b) Group B: Seven (7) mechanisms, previously selected at random
from the original lot of £¢ delivered for test and relu-
bricated with FA #434 oil at that time, were run for
approximately 24 hours and then retimed as described
above for Group A.

NOTE: The lubrication of bothg roup A and B was done
by the same operator,

2) Second Test Battery

a) Group C: Ten (10) mechanisms were selected from those remain-
ing of the original §5, and were then both run and re-
checked for beat rate as described above for Group A,
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This procedure allowed the original lubricant, Conva-
lube A," to remain in the movement reflecting the
quality of factory lubrication to be expected in future
mechanismas.

b) Group D: Ten (10) mechanisms were selected from those remain-
ing of the original £9; this selection was made on the
basis of excellent original performance, as indicated by
the records of these movements when tested in the as-
delivered condition and at room tempesrature. A minimum
spread of timing errors at the end of each 24-hour run
was considered as the criterion for excellent performance.
These mechanisma 80 selected wers then completely
washed and rinsed and relubricated with FA §434 oil by
the same operator who performed the relubrication of
Groups A and B, As with other groups, these movements
were then run and rechecked for a zero beat rate error.

All mechanisms in the First Test Battery were run at low temperatures,
as indicated in the tables of data and resuits, Appendix B, without being brought
to room temperature at any time and without nitrogen purging of the cases.

The rewinding and resetting was done between runs at the temperature for the
next run, but only after the mechanisms had been stabilized at that temperature
for € hours,

All mechanisms in the Second Teat Battery were run at low temperatures
as above, but with the following exceptions:

1) All mechanism cases were purged with oil-pumped nitrogen before each run.

2) Between runs I and IV, the mechanisms were allowed to come to room tem-
perature {(approximately 70 F) {rom approximately -5¢ F over a period of
12 hours; this was the result of a refrigerator cabinet failure,

3) Run I7 was started at room temperature and the mechanisms were then
plunged into the next test temperature.

In all cases the mechanisms were placed in & vertical position, as this
is the position in which the mechanisms perform poorest. All mechanisms were
kept within an 18" square on a wooden platen, approximately 1° off the refrig-
erator cabinet floor. A liquid-in-glass thermometer was kept in the approxi-
mate center of the group for temperature indicction. No air circulation was
employed during the runs and the cabinet was opened only to start the mecha-
nisms for each run and again to read dials once during the run at approximately
the 23rd hour of operation. In all cases the mechanisms were marked only by
number and were mixed,
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RESULTS CF LOCW-TEMPERATURE TESTS

The results of both the First and Second Test Batteries are tabulated
below and in Appendix A as a comparison between the two lubricant groups for
original room temperature performance, various low-temperature performances
and finally, for a single recovery run at room temperature some 12 hours after
completion of the last low-temperature run. By tabulation in this manner, the
groups can be compared before, during, and after being subjected to low-tem-
perature operation; the standard deviations computed for each group are taken
as an indication of the performance of the m ovement~-and-lubricant combina-
tions and, as such, is a valid basis for comparison.

This concept of comparison of standard deviations, however, must
be tempered somewhat by the fact that, in the First Test Battery, moisture
accumulation probably had an adverss effect on all movement operation,
although to what degree is not known., In the case of the Second Test Battery,
however, this limitation no longer is effective, since all mechanisms were
purged with nitrogen at each run,

TABLE I - SUMMARY OF RESULTS FCR FIRST TEST BATTERY

Better Group Worse QGp
Group Std, Dev. Group Std. Dev. Notes
1) Criginal performance A 2.45 min. B 6.94 min. 7sampleseach
2) Runll, -52 to -56 C A 8.28 B 25.? 4 samples each
3) Runlll, -45 C B 1.40 A 11.4 T samples A

2 samples B*»

4) RunlV, -48C A 5.82 B 7.07 5 samples A
2 samples B*#

§) Run V, room temperature A 6.45 B b.10 5 samples A
- 3 samples B**

NCTE: Group A lubricated with "Convalube A" oil,
Group B lubricated with FA #434 oil.
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9
TABLE Il ~ SUMMARY OF RESULTS FOR SECOND TEST BATTERY
Better Group =~ _ Worse Group
Group Std. Dev, Group Std. Dev. Notes
1) Original performance D  1.82 min, C 3.11 min. 10 samples each
2) Runlv, =82 C C 8. 80 D 24.& 7 samples C

3 samples D**

3)RunV, -46 C C 5. 20 D 10.3 7 samples C
3 samples D*»

4) Run VI, room temperature D  4.89 C 12.9 § samples C
7 samples D

8) Run VI, using selected
data* C 3, 02 D 4.88 See note below

NOTE: * denotes calculation in which a -43 minute error recorded for
Serial No. 26 mechanism was eliminated to illustrate the extremely
heavy weighting effect on the Group C calculations of this single
plece of data. See 'Discussion of Results section.

*# It is recognized that a calculation of standard deviation based on
only three (3) data points is questionable; however, in view of the
fact that only three (3) of the 10 movement FA #434 sample Sranand
produced usable data, the calculation is justified.

Group C lubricated with'Convalube A'oil.
Group D lubricated with FA #434 oil.

DISCUSSION QF RESULTS

1) First Test Battery

Although the First Test Battery did not yield as well as the Second to statis-
tical analysis as employed, it is apparent from the -45 C results that "Conva=-
lube A' oil performance is equal to that of FA #434. When another variable,
that of the number of movements which failed to run at that temperature, is con-
sidered, the ' ConvalubeA  oil appears to be superior for this particular appli-
cation. The statistical treatment of the origz.nal movement performance,
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however, indicates that the 'Convalube A’ group (Group A) was superior in
operation to the FA #434 group (Group B), and on that basis the resulting dif-
ference in low-temperature performance as well as recovery could perhaps
be questioned. It can be definitely stated, without fear of question, that in the
First Test Battery the movements lubricated with "Convalube A’ did not show
the extreme tendency toward failure in test that was apparent with those lubri-
cated with FA #434 oil,

2) Second Test Battery

In this test battery the movements for the FA #434 oil were selected on the
basis of excellent original performance to insure that the movements would be
mechanically of high quality and that the statistical treatment of their perform-
ance would indicate that they were at least equal to the "Convalube A' group.
The analysis shows that, in contrast with the First Battery, the Second Battery
FA #434 movements (Group D) were significantly better than their competitors,
Group C at room temperature. No difference in handling was allowed between
the two groups from the time each movement was lubricated, aad no known
external factor was introduced to invalidate the results.

Statistical treatment of the performance of both groups in the Second Test
Battery has been summarized in Table 1I. The low-temperature performance
of the 'Convalube A' lubricated movements was superior in the two test runs
selected for analysis. At the finsl, room temperature recovery run the FA #434
oil group reasserted its superiority, as was to be expected aince it was the orig-
inally better group of mechanisms. This was also the case in the First Battery,
in which the originally better group showed a better recovery from the low-tem-
perature operational tests. However, in the Second Battery, the difference in
recovery at room temperature was highly influenced by the relatively poor per-
formance of a single movement in the 'Convalube A" group (Group C). The
recovery of this entire group (Group C) becomes superior, thus reversing the
previous tendency, if this one movement is dropped from the calculation of
significant differences. A similar treatment of the Group D data, by removal
of the worst movement performance in recovery, does not change the results
in a like manner, and, in a comparison of '‘cropped’ data for the two groups,
the 'Convalube A’ group remains superior not only in low-temperature perform-
ance but also in recovery after low-temperature operation. It is believed that
this fact should be given considerable weight in the final evaluation of perform-
ance of the two lubricants,

In general, it may be said that the performance of movements lubricated
with 'Convalube A, ' in all cases down to -48 C, was at least equal to that of
movements with FA §434. When the higher rate of failure of movements lubri-
cated with FA #434 oil is considered, it is apparent that the 'Convalube A' oil
is superior to FA #434 for use in the 24-Hour Clockwork Delay Mechanism
movement.
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ANALYSIS OF ORIGINAL SAMPLES, FIRST TEST BATTERY

Group A ~ Convalube A

Sample Vestical Errors
41 -1, +8
81
50 -3, 0
63 -3, 0
12 0, ¥
63 +1, 1
83 «§, =5
’"GA = -11
26: " 11
np * ) §1
3 , n_ A )
¢ = variance & S—erry
¢ 6.00
A
s :;- 48. 00

F =» entry factor for probability tables »

m = 10)
ne §)

degrees of freedom

13
Group B - FA #434
Samaple Veirtical Brrors
50
32 5, =8
38 -0, O
48
b8 +10, +6
80 +8, +7
83 B, «b
3 €A L4 +3
3
£€ A s 433
nA . 10

Probability that groups are different is 98, 6%, Group A being the
better of the two.
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\‘32 = standard deviations, minutes

,/’JAS = 6,00 = 2,45 minutes

s g 51 s

/¢ Bz = A8.00 » 6.94 minutes

Indication of Original Group Differsnces:

% Errors 66% 5% 89, 7%
Group A 2. 4% min, 4. 9 min, 7. 38 min.,
Group B 6. 94 13. 9 20.8
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ANALYSIS OF ORIGINAL SAMPLES, SECOND TEST BATTERY

Group C - Convalube A Group D - FA #4354
Sample  Vertical Errors Sample  Vertical Errors
a2 -3, =2 03 +2, +1
28 ‘1' -1 34 .2‘ -2
47 +8, +6 40 -1, 0
€6 -2, 0 55 «3, =1
70 0, -1 64 -2, =1
5 -§, =2 67 -1, 0O
78 0, © 138 +4, +1
84 +1, +1 85 +2, +1
86 -5, =2 84 +2, 0
92 "6‘ '1 95 -2' -2
T C s « 18 - D . o4
2 2
- = 64
c 200 D =
n, * 20 nD = 20
z = 8,67
'; - 3.32

F = 287 4 290 m s 19 n = 18

S, 32

Probability that groups are different is between $9 and 87, 8%,
Group D being the better of the two,
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Sc = /8.67 = 3,11 minutes
Cp = \/3. 82 = 1.82 minutes
Indication of Original Group Differences, Groups C & D
% _Errors 66% 85% 89, 1%
Group C 3. 11 min, 6.22 min, 9. 38 min.
Group D 1.82 3.64 5. 46

Reference: INTRODUCTION TO SCIENTIFIC RESEARCH, Wilson,

McGraw-Hill, 1955, Page 206, 'Variance Ratio Test’
(Schnedeker 'F' Test),
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30
32
38

48

58
80
83

Lube

Conv,

FA 434

18
FIRST TEST BATTERY RESULTS
LOW TEMPERATURE RUNS
1 i i} v
Hi-83C Hi-62C Room
10-61C 1lo-86C -46C -48C Temp
Running Error, Minutes in 238-45M Notes
x X -5 -16 | -2
-9 x -3 -4 +7
x -4 -7 -18 out Broken Spring
-15 +10 -11 -11 X
-39 +7 -11 -11 +5
x -7 -18 x +3
x x ~33 X -7
x x x x out Broken Spring
x +14 0 -12 -3
x 0 +2 -2 +5
+0 -40 x x +16
x ~41 X x x
x -16 x x out Broken Spring
x x x x out Broken Spring
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No.

02
26
47
66
70
76
78
84
86
93

03

88
64
67
78
88
84
9%

Lube
Type

CW.

pe

SECOND TEST BATTERY RESULTS

LOW TEMPERATURE RUNS
i v

A

1
“B1C  -61C <86 C <62C -46C

——

Room

T
Running Error, Minutes in 23H-4sM

17

Notes

x x x

x % X

x x x
-49 x x
-11 50 x
x x x
-21 =30 x
=20 % x
-24 X
-21 x W
x x x

x p x
-8 b4 x
X b4 x

x x x

x -28 x

x x X
-21 x x
x x «186

x x x

out
-?
0
-25
~12
x
-18
-28
-27
-23

«9
x
out
x
out
-39
0

x
-16
x

X

-

-43
-1
-6
".
-7
-5
-3

«-10
-8

-14
-13
-18
i
-2
-8
-18
out

All movement cases purged with nitrogen gas

prior to start of each run.

Broken Spring

Broken Spring
Broken Spring

Broken Spring
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September i5, 1934
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INTERIM REPCORT NG, 2
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INVESTIGATICON CF GASKET AND SEALING
MATERIALS FOR THE 34-HCUR CLOCKWURK

DELAY MECHANISM

C-88214-AB

«K-15-539-AB

ARTHUR D, LITTLE, INC,

September 15, 1854
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INTRCDUCTION

During the initial phases of testing the 24-Hour Clockwork Delay
Mechanism, it became apparent that the original gasket materials, con-
figurations and methods of seaiing used to complete closure of the case
and its operating parts were possible sources of both operational difficulty
and total mechanism failure, With these difficultise recoguized and thelr
sources determined, it was felt that an investigation should be made into
the properties of various sealing compounds and rubber-iike gasket mate~
rials to datermine whether or not more positive closures might be speci-
fied for this particular application and set of operating requirements, The
investigation was limited, however, by the fact that no freedom of design
was allowed in the majority of closures for the Mechanismn; the conclusions
and recommendations presemted in the following sections reflect this limi-
tation.

CUNCLUSIONS

1) That the original gasket materials, Armstrong Cork Compaay "Corprens”
grades DC-100 and DC-~118, mixtures of cork and neuprens, exhibit a
high initial creep under compression, making them unsuitable for use
as static seals for this particular application.

2) That the 'Corprene’”’ DC-100 material exhibits a severe tendency to
stick tightly to metal when, in service as a moving seal on the rear
plate cap, it has become water-wet, frosen of has been stored in a
compressed condition for relatively long periods of time,

3) That the Corprene”’ DC-118 material, when cut into small sizes for
spindle gland packing rings, exhibits a tendancy to break up under use,
allowing small particles to enter the Machanism case,

4) That the Corprene’ materials do not resist swelling, softening and
other declines in physical properties as well as other commercially
available materiala when exposesd to various fuesls and solvents.

5) That the originally specified gasket thickness of 1,18 is excessive,

sllowing extrusion of gesket material and causing nonuniform gasket
sealing pressures, when used in static seal applications.
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6)

7)

8)

)

1)

2)

3)

4)

8)

6)

That the adapter nute for both the safety and positive starter spindies
require a threed sealing compound to guarantee positive closure
between these threads and the case.

That both the safety and positive starter spindles require a lubricant in
their respective packing glands to act as both a sealer and anti-seise
agent.

That the mechanism case, propeviy gasketed and sealed, will withstand
50 paig external water pressurs and an external pressure equivalent to
40, 000 feet altitude, both at room temperatures, wnhout leakage or
gasket rupture.

That water-vapor transmission through the gasksts and plexi-glass win-

dow is not serious over a 34-hour period, provided the case is properly
gasketed and sealad,

RECOMMENDA TIONS

That the Corprene DC-100 and DC-118 materials be replaced with a
Buna-N synthetic rubber material meeting the requirements of Specifi-
cation MIL-R-008085A (CRD), Rubber and Synthetic Rubber Compounds;
Mechanical and Genaral Purpose,’ Type S, Class 3B, Grade No,5B-838-B,

That the thickness of all flat rubber gaskets be reduced from 1/16 " to
1 1432' .

That the rear cover plate cap be redesigned to allow use of & commer-
cially avsilable G-ring closure, and that this C-ring be made of a Buna-N
compound having both low fuel and solvent swelling and low compression
set characteristics similar to that specified for th: flat gasket material,

That both the safety and positive starter spindie glands be lubricated with
a silicone grease, similar to Dow-Corning Corporation DC-11, during
assembly.

That both the safety and positive starter adapter nuts be seated in a per-
manent, hardening grade thread sealing compound, simiiar to Permatex
Co., Inc,, ~Permatex No. 1, ' during assembly.

That both the front and rear cover plate retaining screws be seated ina
permanent, hardening grade thread sealing compound, similar to
" Permatex No. 1, during assembly.
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7) That both the front and rear cover plate retaining screw forms be
changed from a slotted-head to & recessed, Philips-head type, to
allow faster and better controlled assembly under a predetermined
torque sctting by an air-drive, slip-clutch type screwdriver.

8) That on the prasent pilot production Mechaniems, the screws retain-
{ng the two (2) wire lugs on the front cover plate be seated on star-
type, anti-slip washers, to prevent loosening of these screws and
ralaxation of gosket compression as the result of lug rotation during
field usage.

9) That for future production the wire lugs be redesigned to incorporate
"ears’ bent down to engage the inner face of the front cover plate,
prevonting rotation of the lugs and the attendant lcosening of retaining
screws.

10) That any future design for a clockwork delay mechanism be based on

a circular cross-section to take maximum advantage of simple, positive
and relatively inexpensive C-ring closures.

GENERAL CONSIDERATIONS FOR CLCSURE DESIGN

The process by which a satisfactory closure is obtained is one of
both design and compromise. The physical design of the components to be
closed should, in general, sllow for as simple, positive and inexpensive
secal as is consistent with both storsge and operating requirements imposed
on the assembly. In this particular investigstion, however, design freedom
in this direction was esaentially denied, and, as & result, the majority of
work was done only toward the selection of materials to meet the above re-
quirements.

The selection of a gasket or seal material is more limited than
that of design under normal circumastances. With increasingly critical
storage and operating requirements, it becomes apparent that there is no
single, commercially svailable material which will provide the superior
performance desired over the entire range of conditicns. It is quite neces-
sary, therefore, that a realistic evaluation be made of the storage, trans-
port and operating conditions which the assembly and its closures must
withstand. It is then possible to determine which gasket and seal maturial
properties must be preserved and those which progressively can be com-
promised or even sacrificed. The final design and materials selection
will then reflect an angineering compromise for the particular closure in
question. If the process has been based on sound engineering judgment
and reliable data, the closure will operate satisfactorily in both test and
actual usage.
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1)

2)

3)

EVALUATION OF MECHANISM LIFETIME ENVIRONMENT

General Cutline

There will be essentially three (3) phases which the great majority of
24-Hour Clockwork Delay Mechanisms must survive after manufacture
and packaging, namely:

a) Long term storag- in a nitrogen filied and scaled metal can for
some unknown period of time, presumably in the order of
fifteon years.

b) Transit to and temporary storage at the operating site, probably
still in the unit-package can, for relatively short periods of time.

c) Actual field operation in the bare condition under various com-
binations of environment for a maximum of approximately 34
hours.

Variables to be Encountered

Within the three phases outlined above, there will be many combinations

of environment variables, each variable having a direct bearing on the
performance requirements of gasket and sealing materials. The individual
variables expected to operate during these phases are as follows:

a) Time

b) Temperature

c) Pressure

d} Relative Humidity

e) Chemical and Solvent Action
f) Physical Stresses

Evaluation of Lifetime Phases

a) Long Term Storage Phase:

This phase will very probably constitute the longest single period in
the lifetime of the majority of the 24-Hour Clockwork Delay Mech-
anisms. If the design and assembly of the unit package reduces the
Mechanism environment during this period to that of an essentially
pure nitrogen atmosphere, then the only variables remaining to act
upon the gaskets and seals to cause deterioration are fime and
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temperature; all other variables and influences are eliminated by
the unit package. The two remaining active variables, however,
must be considered to act over a very long period, probably in the
order of fifteen years; it follows, therefore, that the gasketing and
sealing materials chosen must be capable of withstanding this
period successfully,

During this long term storage period all gaskets in the pjechanism
act as static seals since neither parts nor components will be

moved or activated while the Mechanism is in the unit package. As
such, they must regist for a long period only the temperature con-
ditions listed in Table I. In resisting the combined time-temperature
variables in storage, these materials must:

(1) Resist attack by the silicone grease used as a gland lubricant
and sealer.

(2) Resist excessive permanent set under the original closure com-
pression,

(3) Resist softening, gumming and loss of plasticizer under high
storage temperatures.

(4) Resist cracking at low storage temperatures.
b) Temporary Storage and Transit Phase:

it ig to be assumed that transit and temporary storage will be accom-
plished with the Mechanism still in the unit package for adequate
physical and environmental protection. In this condition, the same
variables as were active during the long term storage will continue
to act, but since this phase is of short duration, time is of relatively
little importance. This leaves temperature as the single important
variable to be considered.

As reported in Reference (1) and Table II, the temperature extremes
encountered during temporary storage and transit are wider than
those normally experienced in long term storage, and the resistance
of the gasketing and sealing materials must be sufficient to withstand
these conditions. To accomplish this, the materials must:

(1) Resist softening, gumming and loss of plasticizer at very high
storage and transit temperatures,

(2) Resist cracking at very low storage and transit temperatures.
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¢) Field Usage Phase:
This phase is limited, at least in theory, by the following conditions:

(1) Cperation will occur with the Mechanism removed from the unit-
package can,

(2) Operation will occur at or above the lower operating temperature
Mmit of ~45°F,

(3) Operating phase will be in the order of 24 hours plus a small
amount of time required to bring the Mochanism onto the intended
aoperation site.

With these limitations in mind, the following conditions can be out-
lined for the cperating phase; again, the gasketing and aealing mate-
rials must successfully resist not only those conditions outlined for
the first two phases, but also:

(1) Resist tendency to harden and crack under flexure at lower oper-
ating temperatures when acting as a moving seal,

(2) Exhibit reasonably quick recovery from compression at all tem-
peratures,

(3) Rosist sticking to metals at all temperatures and conditions of
moisture,

(¢) Resist moderate cutting and abrasive action at all temperatures
when used as a moving seal,

(5) Resist for approximately 24 hours the action of water, fusls,
solvents and other liquids, under pressures up to 20 feet H,0,
sufficiently well to malntain a leakproof closurse.

d) Summary of Material Requirements:

A sumimary of the qualitative material requirements dictated by
each phase of the Mechanism lifetime is shown in Table 1.
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TABLE 1

Storage, Transit and Usage Requirements for

Gasket and Sealing Material Properties

Variables and iiffects

Time

1) Good resistance to heat aging

2) Gouod resistance to “shelf aging

3) Good resistance to permanent set

4) Good resistance o loss of plasticiser
and lubricant

8) Goud resistance to exposure to
silicone greases

Temperature

1) Good resistance to very high temperature
softening and gumming

2) Goad resistance to very low temperature
cracking

3) Good resistance to very low temperature
hardening

4) Good low temperature compression
recovery

Relative Humidity

1) Good resistance to water vapor transmission

2) Goud resistance to dimensional change

Gas "ressure

1) Good resistance to gas psrmeability

2) Good resistance to deformation under pressure

Stor-
age,

"X MM

11

Temp. Stor,
& Tracait

kg, Bare Usage

x X X
x x
X

b

x X

X x

x x

x X
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TABLE I (Continued)

Temp, Stor.
& Transit

Btor-

Variables and Effocts age Pkg. Bare Usage

Liguld FPressure

1) Good resistance to vapor transmission

2) Good resistance to liguid absorption

3) Good resistance to deformation under
preassure

Chemical and Solvent Action

1) Good resistance to softening and loss of x
tensile strength
2) Good resistanc: to dimensional change

x
Physical Muovement
1) Good resistance to tearing x
2) Good resistance to low temperature brittleness X
3) Good resistance to high temperatur: sticking x
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CLIMATIC ENVIRONMELNTS TCO BE ENCOUNTERED

A summary of toe maximum observed, provacle and test
recomme:dation tomperatures and humidities is presented in Table .
T: cge values shown were take: from: Reference (1), Report No. 148,
CLIMATIC EXTREMLES PCR MILITARY EQUIPMENT, Environmeantal
Protection Braucn, R & D Division, Cffice of tiie Quartermaster
General, U.8.Army, November 1881, and Reference {(2), MIL-STD-210,
CLIMATIC EXTREMES PCR MILITARY EQUIPMENT, 1 June 1953,

INVESTIGATION OF GENGRAL MATERIALS CH RACTERISTICS

Wwith storage and operational criteris evaluated, probable cli-
matic extremes determined, it became necessary to obtain a relative
rating of various commercially available gasketing materials tor com:-
parison of ti.eir nominal properties. Tiese ratings were obtained from
wanufacturers’ broc.ures and other publisned sources of information
regarding rubber-like gasketing materials. With this rating tie fleld
of selection was narrowed to four materials, Buna-N, Neoprene,
T:iokol and Silicone mmteriais. T.e publisiied nominal charscteristics
were again examined and those most spplicable to tie requiremecnts of
ti.{s particular problems were selected for comparisorn; these con:~
parative properties are s:own in Taule 1. It is to be noted that those
proparties specifically required for good long term storage life are at
1east of squal importance as those for proper operatio:; this premise
is :eld to be valid on thie basis tiat tie total of storage and transit time
will by far exceed tie operating time of the Mechaniam.

FINAL SELLCTION GF MATERIAL

T:..e final selection of a single gasketing material was made
on tire following bases:

1) (ver-all Saperiority

An arbitrary numerical valu: was assigned each general rating as fol-
lows:

fxcellent: 4; Very Good: 3; Good: 2; Fair: 1; Poor: 0.
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TABLE 11

sSummary of Observed Maximum, Probable, and Kecommended Testing Climatic Conditions

Location

Ground, world-wide

Arctic, winter

Molast Tropics

Short-term storage,
transit

Shipboard, world-wide

sTaken from Ref. (1).

Obs.
Prob.
Test,

Cbs.

Thermal Range

High °F Low °F
+140 =80
+135 -85
80 to 125 -40 to -85
-90
-85
«40 to -85
+140
+128
90 to 125
+65
75 to 95
+160 -80
+160 -80
$0 t0 160 -40 to -80
+100
1100 ~-20
80 t0 100 -20

Moisture Range

Tigh % RAE Low % BH
100 5

67 0.5
100 & g5F 5 & 125F
100 0.5
100
100
100 5
100 5

5 & 125F

160

87
100 0.5
100 2.0
100 & 8OF 2 € 160
100
100 83
100

Notes

Low RH observed only

in heated arctic storehouses
No low RH specified for
outdoor applications

100% RH below 32 F

No low RH specified:
No low RH specified

0.5% RH in heated arctic
storehouses i

Maximum ambient air temp.
only
No low RH specified

A
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TEMPERATURE, °F

Mecha-

nism

160

140

120

No.
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Using this method of rating, tic following scores were obtained:
Buna-N: 38; Neoprene: 25; Triokol: 30; and Silicone: 128,

Cn this basis tihe Thiokol material was arbitrarily eliminated
from consideration. To support this decision, the poor relative
ratings in maximum temperature, resistance to permanasnt set,
poor recovery, hign cost and relatively low availability were
factors in the rejection.

2) Specific Superiority

No further rejaction on the basis of over-all superiority could
arbitrarily be made at this point, and, therefore, specific faults
considered to be disqualilying for tnis particular application were
the next points of discriminstion. The Silicone materials were
summarily eliminated from consideration on the basis of their
relatively low resistance to fuels, solvents, water-vapor trans-
mission and phiysical tearing, in addition to high coat and relatively
difficult procurement. The cholce between Buna-N and Neoprene
materials remained as a difficult one, but, in the final analysis,
Neoprene was eliminated for reasons of its relatively lower resist-
ance to fusls and solvents, and the slightly lower resistance to per-
manent set, low temperature aardening and water absorption then
the Buna-N materialg. Buna-N then remained as the material to
be usad for gasketing the Mechanism,

Specific investigation into the grades of Buna-N materials available,
as shown in Spocification MIL-R-003085A (URD), Rubrer and Syn-
thetic Rubber Materials; Mechanical and General Purpose, indi-
cated that the following material was sstisfactory for the anticipated
conditions previously outlined:

Buna-N material, sheet stock 1/16 thiek, TypeS (ol resistant),
Class SB (low volume swell), Grade No. 8B-025-8 (Durometer

A hardness 80 +5, 2800 psi minimum tensile strength, 35%
maximum compression set).

DESCRIPTICN UF TESTS

A series of tests were run to determine tie relative vaiidity
of data published for the resistance of synthetic rubber gasketing mate-
rials when exposed to various fuels and solvents. Thzse fuels, solvents,
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and other liquids were chosen for both their general availability and
inflammability, on the assumption that these would be those most
commonly encouatered in field usage to produce fires and explusions.
In general the tests confirmed the relative data supplied by various
manufacturers, but it is believed that the natural tendency was pres-
ent for those firms to minimize conditions that were adverse to their
products. The summary of results for these tests is presented in
Table IV,

A second series of tests were run to determine whether or
not both the original Corprene and the Buna-N gaskets could withstand
more than the client-apecified external water pressure of 23 feet. The
rasults of these tests, which were run at room temperature in fresh
water, indicated that the case, when gasketed and sealed as recom-
mended, would successfully withstand S0 psig external pressure, equiv-
alent to some 100 feet of water, However, the 1,32 thick gaskets were
more easily sealed than were the original ones of 1/168" thickness. A
sealing compound of ‘Permatex No. 17 was used to seal all threads,
and Dow-Corning silicone grease DC-11 was used to seal and lubricate
the glands. Even under these conditions of extreme pressure, the
water vapor transmission, as stiown by a color-indicating desiccating
agent, 'Drierite, ' within the case, was not considered serious over a
48-hour period. A similar test for moisture, using sodium hydroxide
pellots as a desiccant, yielded the same indication of relatively low
vapor transmission.

A series of tests were run to determine whetiher or not the
Corprene and Buna-N gaskets could withstand, at room temperature,
an external air pressure equivalent to 40, 000 feet altitude. With the
case filled with water, closed, sealed and placed in a bell jar, a reduc-
tion in pressure corresponding to that altitude was produced about the
casé. No leakage or gasket distortion was observed over a 30-minute
period,

During the luw temperature tast runs to determine the watch
movement lubricant performance, severe sticking of the Corprene back
plate cap washers was experienced. In other cases it was impossible
to remove the back cover plate cap by hand after it had been allowed to
stand undisturbed for some three or four weeks. In both cases, this
sticking was responsible for the rolling and breaking of the flat washer
material when the cap was finally removed, As a result, a single pro-
totype was made for a new cap making use of a commercially available
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Buna-N, O-ring closure. This closure allowed for a wide range of positive
sualing preasures from very light to extremely heavy; this effect would
allow for less critical standards of cap closure by fisld personnel. At

low temperatures the Buna-N O-ring closure operated satisfactorily,
allowing for positive sealing at temperatures as low as -35°C (-64°F),
although st that temperature the speed of recovery from compression

set was somewhsat slower than at room temperatures. This condition,
however, is common for all rubber-like gasketing materials except the
silicones.

A finsl series of tests were run to determine the suitability of
the Permatex No. 1 compound as a thread sealer for this particular
application. This material, when allow:d to harden, did not exhibit any
appreciable tendency to crack at temperatures as low as -63°F nor
soften and flow at temperatures as high as 180°F. It did not exhibit
plastic flow when, used as a sealer in actual ssrvice, it was subjected
to pressures of 50 psig under water. It was found to be soluble at room
temperature in acetone and aromatic solvents and slightly soluble in
turpentine and methanol. The common fuels (gascline, kercsene, diesel
uil, fuel ofl), lubricants (motor ofl, minreral ofl, silicone cil) and vegetable
oil showed no adverse effect.

While acetone and the aromatic golvents do exhibit a softening
affect on the Permatex No. 1" material, this is not considered to be a
totally disqualifying fault., Since the sealing compound, when used iu
the actual Mechanism case, will be exposed only on a small ares and will
be backed by relatively great depths, it is believed that it will withstand
the solvent action of these materials for the required operational time
of approximately 24 hours.
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INTERIM REPORT NO. 3: INVESTIGATION OF THE CAUSES OF FIRING
MECHANISM FAILURES IN THE 24-HOUR
CLOCKWORK DELAY MECHANISM

INTRODUCTION

From the very beginning of the functional and timing tests conducted on the
original samples of the 24-Hour Clockwork Delay Mechanisms, as delivered
to Arthur D. Little, Inc., from Thomaston Special Tool Company, it became
increasingly apparent that there were several sources of mechanism failure
to be considered. In view of the fact that the mechanism must function satis-
factorily in the field with probably no "run-in," the elimination of all possible
points of failure was of the utmost importance.

These failures were characterized by the fact that they prevented the mecha-
nism from either completing a time delay run or, having successfully com-
pleted the run, firing at the end of the run. Both experience gained and in-
spections performed during the testing program indicated that these failures
could be divided into two (2) general classes. The firat, those failures pre-
venting successful completion of a delay run, were found to lie entirely with-
in the watch movement; the second, those preventing firing after a delay
run, were found within the firing linkage system. There was no indication
that failure in one system caused failure in the other, provided the mecha-
nism was correctly cocked at the beginning of a run.

The causes of watch movement failure were found to be entirely detectable
by the use of both the ""Watchmaster' timer and a functional run-in period.
The second class of failure, however, was somewhat more difficult to detect,
isolate, and describe. It is with this second class of failure that this report
is concerned.

CONCLUSIONS

1) The 24-Hour Clockwork Delay Mechanism is subject to five (5) distinct
types of failure within its firing linkage system.

2) Of these five (5) types, four (4) can be reduced to zero incidence by the

application of special assembly methods and inspections by the Contractor
performing the final assembly and inspection.
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3) The remaining failure type can be successfully reduced to zero incidence
by the use of proper operating techniques on the part of the field operator.

RECOMMENDATIONS

1) That the Striker (Part 210b-423) and Striker Spring (Part 210b-424) be
lubricated, prior to assembly in the mechanism, by a coating or plating of
molybdenum disulfide, applied as a lubricant-in-golvent dipping operation.

2) That the Latch Assembly (Assby 210b-301) be lubricated, after assembly
with the Sear Lever (Assby 210b-202) but before final assembly into the
mechanism, with molybdenum disulfide, applied as either a dry spray or
brushed coating.

3) That the Tripping Lever Spring (Part 210b-428) be wound at assembly
to deliver a minimum of 7 grams force at the point at which the Tripping
Lever rides the Hour Disc (Part 210a-453), and that the force at this point
be checked on each mechaniam as a part of the final assembly inspection.

4) That the Tripping Lever Stud (Part 210b-429) position be gaged closely
during assembly to prevent binding of the Tripping Lever within the Position-
ing Bracket (Part 210b-430) during operation, and that the clearance of the
Tripping Lever within the Positioning Bracket be checked on each mecha-
nism as a part of the final assembly inspection.

5) That the Instruction Sheet contain a specific paragraph to instruct field
operators in the proper operation of the start-stop system; in particular,
that operators back off the atart-stop knob at least one full turn after having
brought the positive starter spindle to the fully retracted position against
its stops.

INVESTIGATION OF FAILURES IN THE FIRING LINKAGE SYSTEM

The investigation and detection of faults causing various types of failure

in the firing linkage system was of necessity a rather long one, since the
symptoms of each fault was the same, namely, failure of the mechanism
to fire after a successful delay run.

The first indication that such failures existed came early in the functional

and timing tests conducted on the original samples delivered from Thomaston
Special Tool Co. These initial faults were recognized and immediately either
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corrected or rendered ineffective so that testing could continue. At this
early date, additional failures to fire were attributed to the same causes
and the same corrective actions were taken. In the following description,
these failures are designated as Types I and II.

Asg the testing experience became more extensive, however, it was appar-
ent that these original faults I and II could not possibly account for the con-
tinuation of failures to occur. This situation was met by a second and more
extensive investigation for possible causes of failure within those mecha-
nisms specifically known to be subject to firing linkage malfunctioning. This
inspection indicated that the failure of the linkage to trip, even after the
tripping lever had fallen, was the result of low tripping lever apring torsion,
described as Type III.

Continuation of firing linkage failures, however, indicated that, although
three distinct sources of trouble were already detected and partially cor-
rected, there were still more failures which could not have been caused by
those already known. At this time an additional source of difficulty was
isolated in the form of tight Latch Assemblies and are designated as Type IV
failures in the following description.

Determination of the overriding fault was finally made when a mechanism
which previously exhibited consistent failure in the firing system was ob-
served to fire accidentally and successfully when the positive starter was
only partially cleared. This indicated that the start-stop system and its
associated latch stop system were in some way responsible for the continued
failures. Upon final analysis of this fault, designated in this report as

Type V, it was determined that the Latch Stop Spring (Part 210b-447) was
being forced to bite into the Latch Assembly, preventing it from being tripped
under the impact of the Tripping Lever. This single fault was found to be

the major culprit, causing by far the greatest number of failures in the

firing linkage system. Since the symptoms of Types III, IV, and V failures
were all alike, however, it was only by a process of elimination that this
last, most frequent cause was brought to light. Under test conditions in
which this biting of the Latch Stop Spring was controlled, this belief was
confirmed and further failures of the firing linkage system were not observed.
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DESCRIPTION OF FAULTS CAUSING FAILURE

Type I: Sear Binding

The earliest failure observed to occur was that of the sear failing to release
the striker after the entire firing linkage had been properly released. This
fault was recognized immediately because of the clear symptoms involved,
namely, binding at a single point. Repeated operation of the firing linkage
system tended to reduce and, in cases of numerous operations, eliminate
this failure, probably because of the polishing action of the sear againat the
striker. Since it is quite probable, however, that mechanisms will not be
"run-in' after the initial inspection, the elimination of this source of trouble
was sought in a more positive manner.

The cause of this failure was found to be a slight roughness of the sear face,
which, when mated with tool marks on the striker face, completely prevented
relative sliding between the two pieces . Lubrication of the striker with
molybdenum disulfide, applied as a film or plating by dipping in Molykote
M-88, completely eliminated this failure.

Type II: Tripping Lever Binding

At the same time as Type I failure was observed, it became apparent that

a second source of failure was to be had in the binding of the tripping lever
in the positioning bracket during the cocking operation. When the tripping
lever is cocked, it is forced through the Hour Disc slot to a position consid-
erably higher than that which it will occupy during the actual running of the
mechanism. When the tripping lever is either slightly bent, or positioned
either high or low on its mounting stud, it tends to be caught in and bound by
the positioning bracket during the cocking operation. If this binding is severe,
the tripping lever will not be driven down to contact the Hour Disc when the
mechanism is started. This condition quite naturally prevents the tripping
lever from ever dropping through the Hour Disc slot when the latter is pre-
sented at the end of a time delay run.

This condition was partially eliminated during the test program by the bend-
ing of the tripping lever, either up or down as required, to center it and
prevent further binding in the locating bracket alot. The cause of this con-
dition, however, is believed to lie in the original positioning of the tripping
lever stud, which determines the final location of the tripping lever with re-
lation to the locating bracket. In the final assembly inspection, however, it
should be quite satisfactory to bend the tripping lever slightly to eliminate
this fault should it be found to exist.
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Type HI: Low Tripping Lever Spring Torsion

Continued failures of the firing linkage system indicated that other sources
of trouble must exist, the symptoma of which were the failure of the latch
assembly to fall clear, releasing the sear, even after the tripping lever
had been driven against it. The immediate reaction in this situation was to
increase the spring torsion, thus causing the tripping lever to deliver a
heavier blow to the latch assembly. This corrective measure reduced the
incidence of failures of this type to some degree, but did not completely
eliminate them. Increasing of the spring torsion to the point where the
spring was wound solid did nothing to increase the reliability of firing; at
this point it became obvious that there must yet be some other source of
trouble which showed these characteristic symptoms.

Later experience gained in the isolation of Type V faults, however, indi-
cated that low tripping spring torsion was practically negligible if it is
above the lower critical limit stated in the Recommendztions Section of
this report.

Type IV: Binding Latch Assembly

Symptoms similar to Type III were found to be common to the situation in
which the latch agssembly bound on the sear arm at the pinned joint. Under
these conditions the falling tripping lever also failed to dislodge the latch
and allow th& =2ear to release the firing pin. Disassembly of the mecha-
nisms believed to be subject to this trouble, however, showed that this
hypothesis, while actually true, could not account for the large number of
continued failures. Only one (1) Latch Assembly was found to be stiff
enough to cause this failure; it was eliminated by mechanical working of
the joint and lukbricatios with powdered molybdenum disulfide.

Type V: Latch Stop Spring Binding

Only after the exhaustion of all other possible sources of failure was the
possibility of latch stop spring binding considered. Its suggestion came as
the result of a chance observation of the successful firing of a mechanism
which had previously shown continuous failure under similar operations.

It was determined that under the conditions of successful operation, how-
ever, the start-stop system had been only partially backed off, while previ-
ous operation had been made with this system fully cleared against its o
positive stop. Close observation showed that under the latter conditions —.
the latch stop spring, held by the latch stop, was being deflected downward
toward the latch when the start-stop system was brought fully tight against
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its stop at the end of its travel. When the latch stop was backed off by
means of turning the start-stop knob one full turn back toward the "STOP"
position, the latch stop spring wasagain returned to its normal position.

Under the conditions in which the latch stop spring was deflected downward,
the lower edge of the spring, being square and sharp, was forced to bite into
the Latch Assembly, effectively 'freezing’ it in position against the impact
of the tripping lever. In all cases of this failure, the backing off of the start-
stop screw relieved the binding of the spring against the latch and completely
eliminated the failure. Investigation of the frequency of this type failure
indicated that it was this, rather than Types IlI and IV, which had been caus-
ing by far the greatest number of failures in the firing linkage system. This
fact was confirmed by the testing of eighty three (83) sample mechanisms;

in all cases except one (1), and where Types I and II failures did not exist,
the technique of backing off the start-stop knob corrected all malfunctions,
From this it is to be concluded that Types III and IV failures were masking
the actual cause of the largest number of failures, Further testing indicated
that no other failures could be induced when those outlined above had been
eliminated. '

RESULTS OF TESTS

No. Samples * No. Failures
Type Failure Tested , Inspected This Type
Type 1 83 6
Type II 83 7%
Type 111 83 2
Type IV 83 1%%
Type V 83 208%»

*Seven (7) critical faults, causing failure of firing system; also observed
were four (4) cases of non-critical binding, in which firing was successful
but cocking operation was difficult.

#sDid not fall into position by gravity during the cocking action; later found
to be stiff enough to have prevented firing except under the most heavy
impact possible from the tripping lever,

s*3These failures obtained under controlled conditions, in which the nth:____.._._-

stop system was taken up as tightly as possible against the stops, tending
to drive the latch stop spring down as far as possible short of breakage.
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APPENDIX G

Memorandum Report on Time-Temperature

Trials Using Nyvolube "A" Oil
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MEMCORANDUM

To: H. F. Knight - Maynard Case: 59411 Date: March 22, 1955 Page: 1.

Subject: Temperature Trials

Three groups of 20 mechanisms were calibrated by four runs at room temperature
{75 F). Each group of mechanisms was then subjected to three runs at each of a
series of test temperatures ranging from -40 F to 160 F. The conditions of the
tests are described elsewhere, At the end of each run, the timing error was
recorded. These data are tabulated in the Appendix to this memorandum. In what
follows, we discuss conclusions which can be drawn from an analysis of these data.

I Average Error as & Function of Temperature

The average timing error calculated for all runs and all mechanisms at each tem-
perature is shown in Table I, together with the standard deviation of the distribu-
tion of individual results around this mean. The standard deviation is a measurs
of the uniformity of the results. As will be shown below, the distribution of errors
is satisfactorily represented by the normal (Gaussian) distribution function. For
such distributions, approximately 88% of the results lies within one standard devia-
tion on either side of the mean value.

The data from Table I are plotted in Figure I. Notice that at temperatures of sero
and above, the mean is essentially constant (at -1 minute) and the standard devia-
tion does not vary appreciably from 8.5 minutes. At «30°, the average error has
dropped to approximately -17 minutes and at -40°, the average error is approx-
imately -24 minutes. At the same time, the standard deviation of the distribution
of individual errors arocund this mean has increased to 12 and 17 minutes respec-
tively, indicating a wider spread in the resuilts.

2w <ifltial calibration runs at room temperature showed a fairly wide distribu-
tion of results for each mechanism. Therefore, we have computed the results
of each of the test runs as the change in timing error from the average on the
calibration runs. That is, we have subtracted from each of the results the
average error for each mechanism at 75 F. These results are shown in Table Il
and in Pigure II. Notice that the same general results are shown as were shown
in the plot of the raw data.

The mechanisms in Group 3, for the high temperature runs, were apparently more
erratic in their behavior than the mechanisms in the other two groups. There ap-
pears to be a drop of about 5 minutes in the average error for temperatures 120°

and above. This drop is due almost entirely to mechanisms sumber 03, 08, and 36,
which showed a high average error on the calibration runs but which settled down to

a very small error during the test runs. When the results for these three mechanisms

are omitted in the analysis, there is no apparent change in the average timing error.
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3
TABLE 1
AVERAGE TIMING ERRORS
Temperature Mean Timing Error Standard Deviation
Group (°F.) (Minutes) (Minutes)
1 15° -1, 87 7.45
30" -OO 55 5. 99
0° -3.32 8,59
-30° -17.10 11,79
-40° -24.22 17,20
I 75° +1, 00 6. 08
50° +2,22 8,36
100° -0, 60 8.23
m 15° +1. 54 15.60
130° -1.79 9,22
140° -2.23 8.67
160° -1, 55 8,15
Averages: All Runs -2.18 11.10
Calibration Runs (75°F,) +0, 02 3,57
Test Runs -3.48 11,55
Test Runs 0°F, and Above -0,88 8,46
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8
TABLE II
AVERAGE CHANGE IN TIMING ERROR
FROM AVERAGE OF CALIBRATION RUNS
Temperature Mean Change Standard Deviation
Group (°F.) (Minutes) (Minutes)

I 30° +0.79 4,97
0° -0,33 8.87
-30° ~16,33 10,25
~40° -23.78 11,57
I 50° ~0.29 9,40
100° ~1.48 9.45
1 120° -5.70 8.18
(All Mechanisms) 140° -5, 44 8,85
160° "'5. 35 12. 03
I 120° -1,30 3.15
(Except Nos, 03, 140° -0.55 3.27
-8, 36) 160° +0. 88 6.08
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MEMORANDUM

Case: 59411 Date: March 22, 1953 Page: 6.

Subject: Temperature Trials

Conclusion

There is no detectable effect of temperature on timing errors for tem-
peratures between 0° and 160°F, There is a marked drop in the value of the
average error at temperatures below 0°, accompanied by a significant increase
in the dispersion of errors around their mean value.

II Reproducibility

It will be noted that whereas the average error at room temperature ranges from
«26 to +32 minutes, for the various mechanisms, the errors on repeated runs for
any one mechanism generally lie within a minute or two of each other.

Conclusion

The results obtained on these tests are significant in that repetitions
tend to reproduce resulte which are much closer together than the difference be-
tween errors for different mechanisms,

II1 Accuracy

As was noted above, the mean timing error at temperature above 0° is approxi-
mately -1 minute. The standard deviation is approximately 8.5 minutes. This
means that approximately 68% of all results lay between -8, 5 minutes and 7,5
minutes,

In order to illustrate more completely the distribution of results, we have plotted

in Figre III the distribution of error for all mechanisms on the four calibration

runs at room temperature, The horizontal axis of this graph is the error in minutes.
The vertical axis is the percentage of all mechanism-runs for which the error was
less than or equal to the error shown on he horizontal axis, The scale used on the
vertical axis is such that a normal (Gaussian) distribution would be plotted as a
straight line., Notice that the data cluster about the line quite well,

In Figure IV we have plotted a similar distribution for the errors on test runs for

temperatures 0° and above, The distribution of errors is the same on these test
runs as it was at room temperature.
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MEMCRANDUM

Case: 59411 Date: March 22, 1955 Page:17

Subject: Temperature Trials

Conclusion

The timing errora at temperatures above 0° are approximately normally
distributed with a mean approximately -1 minute and a standard deviation approxi~
mately 8,5 minutes, Thus, it is to be expected that 68% of the time the : .
error at the end of an operating run would be within 8,5 minutes on either side of
the correct time. Approximately 95% of the time results would fall within 17
minutes either side of the correct value,

IV Operability

Although there were 20 mechanisms selected for each group, in no case would all
20 run to the completion of a test. Figure V shows the number of mechanisms for
which an error was recorded on the test runs at the various temperatures. For
temperatures 0° and above, the average numbier of mechanisms which ran to com-
pletion was 12,8 (64%). For the two lowest temperatures, only 31% of the mecha-
nisms operated to completion,

Conclusion

There is no apparent change with temperature in the percent of mecha-
nisms which operate to conclusion except at -30° and -40°F. when the percent of
mechanisms which operates to conclusion is cut in half,
V Calibration
Of the total group of 45 mechanisms which completed one or more calibration
runs, 25 had average errors < + 3 minutes at room temperatu:e, Only 28%
of these mechanisms later gave readings greater than + § minutes in error on
test temperature runs (-30 and -40° excluded); 42% of the entire 45 mechanisms
which were calibrated gave readings on test runs larger than 5 minutes in error.

Conclusgion

Calibration at room temperature may provide a satisfactory basis for
selecting mechanisms which will materially reduce the variation in timing errors,
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APPENDIX

TABLE 1

TIMING ERRORS, IN MINUTES
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